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ABSTRACT  
 
This dissertation research investigates both spatial and temporal aspects of Bronze 
Age land use and land cover in the Eastern Mediterranean using botanical macrofossils of 
charcoal and charred seeds as sources of proxy data. Comparisons through time and over 
space using seed and charcoal densities, seed to charcoal ratios, and seed and charcoal 
identifications provide a comprehensive view of island vs. mainland vegetative 
trajectories through the critical 1000 year time period from 2500 BC to 1500 BC of both 
climatic fluctuation and significant anthropogenic forces. This research focuses 
particularly on the Mediterranean island of Cyprus during this crucial interface of 
climatic and human impacts on the landscape. Macrobotanical data often are interpreted 
locally in reference to a specific site, whereas this research draws spatial comparisons 
between contemporaneous archaeological sites as well as temporal comparisons between 
non-contemporaneous sites. This larger perspective is particularly crucial on Cyprus, 
where field scientists commonly assume that botanical macrofossils are poorly preserved, 
thus unnecessarily limiting their use as an interpretive proxy. These data reveal very 
minor anthropogenic landscape changes on the island of Cyprus compared to those 
associated with contemporaneous mainland sites. These data also reveal that climatic 
forces influenced land use decisions on the mainland sites, and provides crucial evidence 
pertaining to the rise of early anthropogenic landscapes and urbanized civilization.  
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Chapter 1 
INTRODUCTION 
Framework 
The goal of this research is to investigate the cause of vegetation change on the 
island of Cyprus and the mainland Levant during the transitional time from Early to 
Middle Bronze Age.  By using botanical macroremains of charcoal and charred seeds, 
comparisons of local land use and land cover may be assessed for a critical 1000 year 
time period from the Early Bronze Age IV to the Middle Bronze Age (approximately 
2500 to 1500 BC).  During this period, dramatic changes in social structure and 
urbanization were underway along with hypothesized climate shifts (Issar 2003; 
Staubwasser and Weiss 2006).  Four strategically selected archaeological villages 
(Politiko-Troullia, Cyprus, and Tell el-Hayyat, Zahrat adh-Dhra‘1, and Tell Abu en-
Ni‘aj, Jordan) were used to parse land use and land cover change in the Near East caused 
by human and/or climatic agents.  The botanical remains recovered from these sites are 
compared to assess alternative to wood fuel use as well as agriculture and land use 
strategies in the face of complex and shifting interactions of the occupants with the 
surrounding environment. 
Current and past vegetation of the Eastern Mediterranean: Vegetation throughout 
the Mediterranean is characterized today broadly by plant formations ranging from 
steppe-like grasslands to Mediterranean woodlands and forests (Zohary 1973).  In 
response to the seasonally dry climate, this region has developed drought tolerant flora 
such as summer-only evergreens and scrub, and the most common tree types are 
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evergreen oak (Quercus L.) , pistachio (Pistacia L.), carob (Ceratonia siliqua L.), and 
olive (Olea europaea L.).  However, plant types can vary distinctly based on elevation 
and precipitation variations.  In general, the steppe regions are found in areas receiving 
300 mm/year or less and are located inland in relation to the coastal sites.  Rainfall 
amounts of 300-600 mm/year produce steppe forests consisting of pine (Pinus L.), oak, 
pistachio and juniper (Juniperus L.) and are often found along the coasts (Wilkinson 
2003).  Where rainfall exceeds 600 mm/year the landscape is dominated by deciduous 
oak, pine and cedar (Cedrus Trew) (at altitudes of 400- 2000 m), along with a multitude 
of understory flora (Fall 2012).    
Understanding Mediterranean land cover of the past often is difficult because it is 
challenging to reconstruct and analyze.  Difficulties arise when trying to assess changes 
at a fine spatial resolution, particularly for portions of the Near Eastern region where 
vegetation reconstructions are based on pollen and carbonized seed assemblages 
(Wilkinson 2003).  According to reconstructions from Horowitz (1992), it is evident that 
the areas in the Near East that are currently covered by steppe and desert vegetation 
would likely have been covered by rather dense woodlands of juniper, oak, olive and 
pistachio, and that these forests have declined dramatically over time (Soto-Berelov 
2011) with increasing human use.  Steel (2004) reports that in antiquity, Cyprus would 
also likely have been extensively forested with pine, cypress (Cupressus L.)  and cedar 
stands at higher elevations and evergreen shrubs and oak at lower elevations.  Steel 
(2004) points out that these arboreal resources were used extensively to support the 
copper smelting economies during the Bronze Age.   Thus, the vegetation supported on 
the landscape today is mostly maquis (an assemblage of densely-growing small trees and 
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shrubs) and garigue (an assemblage of low-growing and degraded scrubland), both of 
which are Mediterranean vegetation groups assumed to be caused by millennia of 
anthropogenic activity.  The aim of this dissertation is to reexamine these assumptions, 
assess the relative influence of human and climatic forces on environmental change, and 
offer a more detailed inference of human/environmental dynamics.  
Current and past climate of the Eastern Mediterranean:  Situated near the 
subtropical high pressure belt, most of the Near East is either arid or semi-arid today 
(Wilkinson 2003).  Because it is a Mediterranean climate the significant yearly rains 
come during the winter.  Most of the northern-most portions of the Near East (from 
Turkey southward to the Levant) receive winter precipitation dominated by the jet stream 
and the westerly wind belt as it directs low pressure systems over this area (Wigley and 
Farmer 1982; Wilkinson 2003).  This winter rainfall originates from maritime polar air 
masses that are swept southward from the meridional trajectories of the jet stream.  When 
this comes in contact with the warmer surface air over Cyprus (low pressure), it creates 
the rains received during the winter season (Issar 2003).  These low pressure cells that are 
associated with the winter rainfall penetrate the mainland to an easternmost and 
southernmost extent of Afghanistan and Oman respectively (Wilkinson 2003).   
Additionally, because this region lies at the border of subtropical high and the 
midlatitude frontal system, there is a dramatic shift in precipitation over the seasons.  The 
summers are typified by dry spells as the rain-bearing westerlies shift northward along 
with the subtropical high pressure that now dominates the region; except in monsoonal 
locations.  Thus rainfall in this region is quite varied, from less than 100 mm to over 1000 
mm per annum (Wilkinson 2003; Issar 2003).  Over the course of a year, the 
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Mediterranean Sea acts to regulate the temperatures of most coastal regions, but 
topographic factors and continentality together cause the more inland areas to experience 
large diurnal and annual temperature fluctuations (in some areas as much as 20 degrees 
Celsius) (Issar 2003), however, the region as a whole experiences an average annual 
temperature of 15 degrees Celsius (+/- 5 degrees) (Roberts 1989).   
Climatic reconstructions of the last 10,000 years for this region point to a general 
drying climatic trend throughout the Holocene which was punctuated many times by 
extreme warm/dry events (Issar 2003).  These major events are often associated with 
dramatic cultural shifts as well.  Of particular interest is the Bronze Age which is 
associated with the rise of towns and social complexity (Rosen 1995; Stager 1985).  The 
climatic forces that prevailed fluctuated to such extremes that entire cultures collapsed 
(Issar 2003), particularly at the end of the Early Bronze.  Although the cause of this 
collapse is debatable, Issar (2003) puts forth compelling evidence that the cause was 
climatic in nature (severe warming/drying). Climatic versus human forcing gets more 
difficult to distinguish later in the Bronze Age however, because this is the point at which 
changes in the landscape are often attributed to anthropogenic causes rather than climatic 
ones (Miller 1997).   
The prevailing understandings of climatic shifts for the eastern Mediterranean 
(apart from any human influence on the landscape) are as follows: The Early Bronze is 
characterized by a cool, humid climate at the start (EB I) transitioning into a very dry/hot 
climate by the end of the Early Bronze (EB III).  This dramatic drought and warming 
period is often termed the 4.2 kya (thousand years ago) event and its effects of social 
collapse are recognized on a very large spatial scale (Staubwasser and Weiss 2006).  This 
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warming/drying event is hypothesized to be what propelled the region into the dark ages 
(return to a nomadic type of lifestyle) (Dever 1995, 1987).  Interestingly, climatic 
indicators do not show a distinct difference in the climate from the Early Bronze III to the 
beginning of the Middle Bronze (Issar 2003; Frisia et al. 2006), thus the cultural 
reemergence at this time is often attributed to technological advances rather than climatic 
amelioration (Issar 2003).  Throughout the Middle Bronze Age, there is a trend toward 
more precipitation that occurs around 3.4 kya to ~3.1 kya which is followed by a trend 
toward a drier period around 2.9 kya and subsequent improvements around 2.8 kya BP.  
In general, the Middle Bronze to the Late Bronze Age climate appears to be typified by 
rather unpredictable fluctuations from hot/dry to cool/humid (Issar 2003).  The trajectory 
as a whole, when looking at the overall trend throughout the Holocene, rather than 
fluctuations, is one of drying over time (Wilkinson 2003). 
Human influence of the Eastern Mediterranean: The Near East has experienced 
the longest history of urbanized agrarian society in the world (Miller 2004).  Population 
settlement and connection to the landscape was not continuous however, often 
experiencing episodic rise and collapse of entire towns and cities (Fall et al. 1998).  
Accordingly, the Mediterranean environment upon which people coexisted experienced 
episodic ecological degradation and recovery as well (Fall et al. 1998; Butzer 1996).  
Miller (2004) broadly describes the population fluctuation and the associated 
technological development as one of increasing human-induced landscape change 
beginning with the first permanent settlers.  To understand the trajectory of human-
environmental relationships, we must first describe anthropogenic actions prior to 
permanent settlement. Hunter/gatherer populations lived in semi-permanent settlements 
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that flourished in the Epipaleolithic period, starting approximately17,000 BC.  These 
people relied on a diverse assemblage of wild plants and animals for their daily dietary 
and utilitarian needs (Miller 1990, 1996).   Permanent settlements in the form of farming 
towns and villages developed during the Neolithic period with the domestication of 
cereals, legumes and animals about 9,000 BC.  It is from the success of intentional plant 
cultivation and the high population levels they supported that some of the change in 
natural vegetation cover is attributed (Miller 2004).   
The birth of agriculture and intensified utilization of the landscape did not lead to 
a steady and continuous rise of human occupation and advancement, rather the Neolithic 
period also witnessed the abandonment of towns into dispersed agricultural settlements 
during the subsequent Chalcolithic period (4500 to 3500 BC) (Falconer and Fall 1995).   
The Bronze Age (beginning 3200 BC) experienced a similar story.  The first large 
fortified towns were established in the Near East around 2900 BC, and they too 
experienced a rather abrupt and dramatic collapse by 2300 BC.   Interestingly the islands 
of the Eastern Mediterranean tend to lag behind the mainland in terms of developmental 
trajectories (Knapp 2008).  The rise of towns and social complexity began approximately 
1000 years later on the islands of the Mediterranean compared to the mainland 
development (Knapp 1992).  This begs the question, what are the forces in this region 
that drive the waxing and waning of human civilization?  
Eastern Mediterranean spatial analyses: The large islands of the Mediterranean 
(most notably Cyprus and Crete) support a robust physical and vegetative diversity that 
can support the livelihoods of very large populations (Knapp 1992).  In order for 
populations to survive on an island setting the occupants must adapt to the island 
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environments; among the most noted insular qualities are relative isolation and limited 
resources.  Thus, maintaining interactions with external sources is of primary importance 
(Knapp 1992).   Because of differences in the way island dwellers must adapt to the 
environment when compared to mainland occupants, the archaeological record found on 
Mediterranean islands is much different than mainland records for concurrent time 
periods (Knapp 1992).  In general, farming is more productive and can support larger 
populations on the mainland because of access to a wider variety of species than on 
islands (both plants and animals).  Additionally, catastrophes are easier to manage on 
mainland settings because the people can relocate and food can be redistributed, as 
opposed to island settings, which are limited in terms of space and resources (Knapp 
1992).   
Components associated with insularity could potentially explain the later 
development of complex societies on Cyprus than the mainland (the Early Bronze Age on 
Cyprus begins approximately 2500 BCE and lasts to 1000 BCE while the Early Bronze 
on the mainland begins approximately 3500 BCE and lasts to 1200 BCE) (Knapp 1992).  
Island societies can particularly thrive if they possess precious raw material around which 
they can expand their economy or if they occupy a convenient location at which ship 
merchants and traders would stop (Knapp 1992).  These in combination with other factors 
(often economic) help to explain differences in human influence on island versus 
mainland settings.  During the Bronze Age, extensive trade and overseas contact often led 
to the depletion and exploitation of island resources.  When assessing Cyprus in 
particular, there is evidence that it was forested in the past (Steel 2004) (this assumption 
is based on deer faunal remains, not vegetative remains).  This would have been 
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advantageous to the Cypriot economy at this time which was thriving on the rich copper 
ores which were used to manufacture bronze; a fuel-intensive pyrotechnology (Knapp 
2008).  One could expect that dramatic exploitation of trees was a result.   
Mediterranean environmental change: While botanical remains are a very useful 
proxy for a range of archaeological interpretations, it is difficult to differentiate the cause 
of environmental change (whether human or climatically induced) from their 
interpretation alone (Miller 1998, 2004).  However, by studying strategically selected 
time periods and locations, I believe they can be used for this purpose.  The longest 
tradition of urbanized human settlement occurred in the Near East and accordingly the 
greatest anthropogenic influence on the environment occurred there as well.  Here, 
humans increased in both population size and agricultural production and consumption 
(Miller 2004), particularly during the Holocene.   
During this time however, the climate in the region was quite variable which 
attests to technological advances that allowed large populations to sustain themselves 
during unfavorable climatic conditions.  Because of the intricate interface of the 
human/climate association in the Near East for the last 10,000 years, the villages used in 
this study were specifically selected based on their location in the region as well as the 
time period during which they existed.  Of interest is the Eastern Mediterranean region 
during the Early Bronze Age and the Middle Bronze Age because of the dramatic human 
and climatic influence that occurred at that time.  Tell Abu en-Ni‘aj, Jordan was selected 
to represent the urban collapse of the Early Bronze Age (Fall et al. 1998).  To elucidate 
climatic differences, Tell Abu en-Ni‘aj is analyzed in chronological comparison to the 
other villages selected, Tell el-Hayyat, Jordan, Zahrat adh-Dhra‘1, Jordan, and Politiko-
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Troullia, Cyprus.  The latter three villages were occupied contemporaneously and 
therefore are analyzed together as they illustrate spatial contrasts (because they all existed 
during the Middle Bronze Age but at different locations within the Mediterranean).  Of 
particular focus here is Politiko-Troullia because it existed on the Mediterranean island of 
Cyprus, which experienced later development of social complexity relative to the 
mainland sites. These three are analyzed to reveal differences in anthropogenic forces on 
the landscape.   
Botanical Proxies 
Paleoecological studies rely on a range of proxies from the past (Kirch 2005), to 
help determine why and how humans utilized the landscape.  For example, charcoal and 
charred seeds gathered from an archaeological site are used to understand human actions 
(and climatic forces) within the past landscape that surrounded the particular site.  Wild 
plants or wood gathered from a particular site represent the “catchment area,” that is, the 
area around the site from which the humans interacted with the resources (Kirch 2005).  
Thus, these proxies represent a local picture of human interaction with the landscape 
during the occupation of the site and cannot be interpreted outside small spatial and 
temporal scales. Further, the archaeological record based on these materials can be 
interpreted in terms of cultural selection as well as the cultural and natural 
transformations that took place on the local landscape (Kirch 2005).   
The Eastern Mediterranean region is dominated by drought tolerant vegetation 
which serves to reduce soil erosion.  However, studies have indicated that climatic factors 
alone could not have accounted for the amount of erosion and deposition that took place 
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in some parts of this region; it must be a combination of human forces (settlement, 
agriculture, grazing) that contributed to the alteration of the landscape (Knapp 1992).  
Between 6500 BC and 4000 BC substantial farming systems had developed, and as the 
populations increased, so did the alteration of the landscape (Kirch 2005; Miller 2004) in 
the form of forest clearance and intensive agricultural practices.  Miller (1997) often 
makes the assumption that prior to the Bronze Age, climate could be considered the 
primary driver of vegetation and landscape change particularly in the Near East.  
However, the cumulative effects of human agents beginning in and during the Bronze 
Age (~2500 to 1500 BC) became a more significant driver of landscape change (via 
agriculture and deforestation) than climate. 
Proxies to interpret climate and human induced environmental change: Particular 
focus lies with the use of charcoal and charred seeds as proxies for assessing land use and 
land cover via climate and the human agent.  Humans’ use of fire, both intentional and 
unintentional, has shaped and reshaped the landscape particularly in the Eastern 
Mediterranean for millennia, and environmental modifications can thus be studied by 
these charred archaeological remnants (Miller 2004).  The domestication of crops is first 
seen in the archaeological record of the Near East approximately 10,000 years ago BP 
(Miller 2004), while the first evidence of human clearance of trees from the landscape in 
the same region is seen in the record approximately 9000 years ago BP (Yoshinori et al. 
2000).  From this point, the intensity of both of these activities along with others (i.e. 
animal herding) has only accelerated (Miller 2004). Miller (2004) also points to the 
analysis of charcoal and charred seeds as a very valuable mechanism for assessments of 
land use and land cover in the forms of animal herding, cultivation and tree-cutting, 
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particularly when these proxies are used in the form of specific ratios and densities (e.g., 
Hastorf and Popper 1988). 
Before these ratios can be applied to an ancient landscape and/or a specific 
society, special understandings of their limitations and common assumptions regarding 
deposition must be addressed in order to investigate ancient land use and land cover.  
Difficulties and biases may arise when trying to reconstruct cultural causes for the 
deposition of evidence found.  Since excavations are performed at sites of interest where 
structures are present, in situ data do not reflect the human-plant interaction that occurred 
away from the site (Pearsall 1989); leaving out potentially telling deposits of foodstuffs 
and activities (thus illustrating potential biases in recovery).  The in situ data often are 
categorized into two groups, those remains that were intentionally used in the site (e.g. 
firewood, foodstuffs and I would argue animal-waste fuel) or those that were 
unintentional (e.g. wind-blown seeds, seeds adhering to clothing) (Pearsall 1989).  
Additionally seeds within a site may have originated from crop processing or potentially 
from the burning of fuel sources other than wood (Nesbitt 1995).  One argument is that 
charred seeds found in a site come from the burning of animal waste, likely because 
wood sources were over-utilized (Miller 2004, 1984).   The seeds then are a reflection of 
the animals’ diet, and the animals’ diet is a reflection of the local vegetation around the 
site (Miller 1984).   So, the researcher must interpret the source of the seeds before 
drawing further inferences. It is from proper categorization of these macroremains and 
assumptions of their deposition that lead the analytical direction of a particular study.   
For example, the depositional context of the in situ charred material is vital in 
order to determine the cause for the charring and the deposition of the remains.  
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Paleoethnobotanists must account for the cultural and natural processes that brought the 
particular charred macroremains to its depositional location and then establish how they 
might (or might not) reflect the ancient land use and land cover conditions (Miller 1984).  
Miller (1984) further describes this process as finding the path through which the charred 
macroremains were extracted from the environment (intentional or unintentional, Pearsall 
1989), entered into the sociocultural system, and were deposited at their current 
archaeological location.  Like most geographical/archaeological studies, one proxy alone 
(like charred botanical macroremains) is not sufficient for a reliable interpretation of 
subject matter so broad as land use and land cover, and thus other evidence gathered from 
the site is often used to supplement the interpretation (Smith and Munro 2009) (e.g. 
metallurgy, pottery, faunal remains).  This also holds true for the use of charred botanical 
remains for assessment of other broad categories.  For example, using these proxies alone 
is not useful for interpreting climate fluctuations because the reasons people may shift 
cultivation strategies and patterns is too complex to be associated with just rainfall or 
temperature (Miller 1998, 2004).    
Among their benefits however, both charcoal and charred seeds can be identified 
to a genus level (most often) and sometimes a species level (Pearsall 1989), and this can 
often be done by sight using a simple binocular microscope or by the use of a Scanning 
Electron Microscope allowing for a readily identifiable dataset. Because assessment at a 
local and/or regional scale usually provides the best interpretation, these proxies when 
found within an archaeological site are great for depicting micro-scale interactions but 
may not be beneficial to use for larger spatial applications (Birks and Birks 1980).  Upon 
their recovery one must also take into account that there may be depositional or charring 
   13 
problems that could destroy important diagnostic characteristics causing biases in the 
counts of seeds that are less fragile; charring also has the potential to cause two taxa of 
seeds to look very similar, possibly causing further biases in the counts (this can happen 
to charcoal as well) (Pearsall 1989). 
Charred macrobotanical remains’ role in assessing human-environmental 
relationships: Charred botanical remains can be used as a proxy to provide insight into 
the agrarian ecologies of early complex societies (in the form of agricultural and wood 
selection evidence).  Evidence of fire and burning often is derived from hearths, burned 
structures and trash deposits containing carbonized remains in archaeological sites.  
Provided the proper depositional and contextual assumptions are drawn, the main benefits 
of charred seeds and charcoal lie in their reflection of land use and land cover.  Smart and 
Hoffman (1988) detail the process of environmental interpretation of charcoal found in 
the archaeological record.  Charcoal is produced from trees (and shrubs) and is believed 
to be the preferred fuel source if available (Nesbitt 1995) which is why it is often the 
most common plant material found at archaeological sites.   
The identification of charcoal denotes two important factors.  First, it reflects the 
presence of specific trees or woody shrubs and can be used to reconstruct the presence of 
prehistoric vegetation on the landscape. Second, charcoal provides evidence for the 
selection and use of wood at the particular site.  Availability and ease of collection are 
among the most important factors assumed to contribute to the presence of charcoal in the 
archaeological record (Smart and Hoffman 1988).  People bring fuel wood into the site to 
serve different purposes (e.g. fuel for cooking or economic activities, general heating); 
however depending upon the context and the location of the charcoal within a site, it may 
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be a reflection of a burned structure and not necessarily a reflection of fuel wood.  In 
general, the charcoal found at a site is assumed to be a product of the resources available 
for the occupants’ wood selection and activities (Smart and Hoffman 1988). Further, the 
charcoal present can reflect the amount of wood being cleared as well as specific 
selection of certain woody types.  Thus, they can be an indication of preference and 
potentially over-utilization (Miller 1998). 
Charred seeds serve a similar purpose to charcoal in that they are assumed to be a 
reflection of the food and fuel used at a site. Often archaeological seed remains are 
present only because they have been charred, and Hillman (1984) notes that these charred 
seed materials may rise within an assemblage for a variety of reasons.  For example, 
seeds may come from the processing of crops grown at the site, which is an indication of 
how the occupants were cultivating the land (van Zeist and Casparie 1984).  Seeds 
originating from the burning of stored supplies are far more difficult to determine but are 
often associated with storage rooms and most likely originated from crop or food storage, 
and reflect agricultural practices and food consumption (Miller 1990).   
Cultivated and wild plant remains reflect a variety of purposes that further expose 
economic and agricultural strategies. If the seeds were found in a trash deposit, they most 
likely originated from animal waste that was burned for fuel (in place of wood), and they 
reflect the pasturelands on which ancient herds grazed (Miller 1998).  They can also 
reflect how the land was being used in terms of forest clearance for agriculture, animal 
grazing, wood selection for domestic and economical purposes, as well as adjustments in 
crop cultivation according to climate variables (Miller 1998, 2004).  The presence of wild 
and weedy seeds and the absence of crop seeds are often a reflection of a pastoral 
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economy and/or lack of trees (Miller 1997).  Charred seeds that come from the burned 
animal waste tend to be very fragmented or still embedded within remnants of the waste 
(Miller 1990).  Additionally, the remains can aid in determining the function of the 
excavated structures based on the plant remains and products found (Hillman 1984).  
Reflections of crop production (e.g. orchard, cereal) and the associated activities are 
among the main benefits of using charred seeds as a proxy for land use and land cover.   
Additionally, climate may also be assessed through charred seed analyses.  The 
most common means of climatic interpretation is through comparisons of the cultivation 
of drought tolerant species relative to species that are known to require more water for 
growth.  The best way is to compare frequencies of cereal crops, wheat and barley 
(Zohary and Hopf 1988) as well as orchard crops, olive and grape (Stager 1985).  Both 
wheat and olive are more water intensive when compared to barley and grape, which are 
adapted to tolerate drought and saline soils.  By studying the charred botanical remains 
from Politiko-Troullia, Tell Abu en-Ni‘aj , Tell el-Hayyat and Zahrat adh-Dhra‘1, it is 
my aim to expose human land use decisions by revealing the often complex 
human/climate interface that influenced the land cover of the eastern Mediterranean.   
This dissertation has three objectives for analyzing human and climatic influences 
on the landscape of the Near East.  Chapter 3 discusses human influences on the 
landscape by comparing spatial differences in land use and land cover associated with 
contemporaneous sites via seed and charcoal densities and seed-specific ratios.  Chapters 
4 and 5 discuss natural woodland and orchard cultivation at all sites to compare intensity 
of land use and land cover change.  Finally, chapter 6 discusses the possibility of climate 
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as a driver of land use and land cover change through time by comparing seed-specific 
ratios from sites hypothesized to have existed during different climatic regimes. 
   17 
Chapter 2 
STUDY AREA AND METHODS 
General Setting 
The Eastern Mediterranean is the focus of this study which specifically 
investigates the island of Cyprus, which was marked by relatively late economic 
development, compared to the Eastern Mediterranean mainland (specifically the Jordan 
Rift in the southern Levant) which experienced earlier urbanization and economic 
development (Knapp 2008) (figure 2.1). This study analyzes both spatial and temporal 
components of land use and land cover change associated with four Bronze Age villages 
in the Eastern Mediterranean.   The scope of this study is to assess both human and 
climatic agents on the landscape during the Bronze Age and is threefold; Objective 1: to 
analyze rates of environmental change among contemporaneous sites; Objective 2: to 
compare the arboreal vegetation utilization on the island of Cyprus in comparison to the 
mainland Levant region; and Objective 3: to assess the role of climate in landscape 
change.  All are accomplished by comparing charred botanical macroremains from four 
strategically selected Bronze Age sites. 
In this region of Cyprus and the mainland, the climate is distinctly Mediterranean 
with long, hot summers and short, rainy winters.  The annual rainfall ranges from 
approximately 100 to 500 mm (Wigley and Farmer 1982; Roberts and Wright 1993; 
Wilkinson 2003).  The landscape ranges from heavily wooded areas to maquis and 
garigue on both Cyprus (Meikle 1977; Thirgood 1987) and the mainland (van Zeist 
1985).  The Near East has a long history of civilization and settlement, and is an ideal 
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location for studying the impact on the environment from both ancient societies and 
climate.  For this reason, four villages have been selected from the Eastern Mediterranean 
for detailed study, Politiko-Troullia, Cyprus, Tell Abu en-Ni‘aj, Jordan, Tell el-Hayyat, 
Jordan, and Zahrat adh-Dhra‘1, Jordan (see figure 2.1 and table 2.1).  The following 
discussion summarizes the current and past vegetation, climate, and cultural development 
specifically for Cyprus and the Eastern Mediterranean mainland, along the Jordan River 
Valley, followed by detailed descriptions of the setting for each village. 
 
Figure 2.1.  Map of Eastern Mediterranean region showing the four Bronze Age sites used for comparison. 
Politiko-Troullia on Cyprus and Tell el-Hayyat, Tell Abu en-Ni‘aj and Zahrat adh-Dhra‘1 on the mainland 
of the southern Levant. 
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Table 2.1 Age range of villages in uncalibrated years BP and calibrated years BC 
  Age Phases # 14C  Age span BP Calibrated yr BC 
Regional 
Settlement 
Tell el-Hayyat MBA 1-5 12 3600-3000  2000-1500 BC 
Re-emergence of 
cities to height of 
urbanism 
Zahrat adh-Dhra‘1 MBA 1-2 6 3700-3300  2100-1600 BC Urban collapse to 
height of urbanism 
Politiko-Troullia MBA 1-5 4 3690-3600 2100-2000 BC 
Village-level 
farming, pre-
urbanization 
Tell Abu en Niʻaj EBA 1-7 19 4000-3800 2550-2250 BC First cities to urban 
collapse 
 
Vegetation of the Island of Cyprus 
To begin, major vegetation zones on the island of Cyprus are discussed based on 
elevation beginning with higher elevations and describing transitions in the intermediate 
and sea level elevations.  Vegetation zones on Cyprus are grouped based on three broad 
regions present on the island; the mountainous region, including both the Troodos 
Mountains in south central Cyprus and the Kyrenia Mountains along the northern 
coastline extending eastward along the Karpass Peninsula; the hill region describing the 
foothills of both these mountain ranges; and the plains region comprised of the Mesaoria 
Plain that lies between the Troodos and Kyrenia mountain ranges, and the coastal plains 
belt which includes the low-lying areas that extend along the northern and southern 
coasts of the island (Thirgood 1987; Steel 2004). 
First, the vegetation on the mountainous areas of the Troodos and Kyrenia ranges 
differ somewhat in composition. The Kyrenia range woodlands are composed mostly of 
Turkish pine (Pinus brutia Ten.) and Mediterranean cypress (Cupressus sempervirens L.) 
forests while the Troodos range features Black pine (Pinus nigra L.) at its upper 
elevations (1400-1950 m) and Pinus brutia Ten. at its lower elevations (0-1400 m) 
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(Tsintides et al. 2002) with a few isolated areas supporting Cyprus cedar (Cedrus 
brevifolia Trew.) or Foetid juniper (Juniperus foetidissima Willd.) at elevations between 
900 m and 1400 m (Thirgood 1987; Steel 2004).  Endemic oak forests of Golden oak 
(Quercus alnifolia Poech.) grow on the Troodos at 300-1700 m, while both the Troodos 
and Kyrenia ranges harbor Kermes oak (Quercus coccifera L.) at elevations from sea 
level to 1300 m (Fall 2012).   
Second, the foothills extending outward from both mountain ranges 
(approximately 0-1000 m) are characterized by remnant forests of Pinus brutia, 
Cupressus sempervirens and Phoenicean juniper (Juniperus phoenicea L.) (Thirgood 
1987), while a considerable amount of this land area has been transformed into cultivated 
vineyards. In areas of the foothills where the forest has been destroyed due to human 
exploitation of pine and oak (Steel 2004), Mediterranean maquis vegetation including 
moderate evergreen tree cover of olive (Olea europaea L.), carob (Ceratonia siliqua L.), 
Palestine oak (Quercus calliprinos Webb.), Kermes oak (Q. coccifera), Mastic (Pistacia 
lentiscus L.) and terebinth (P. terebinthus L.) are dominant (Meikle 1977; Thirgood 
1987).   
Finally, the natural vegetation of the lower lying areas of the Mesaoria Plain and 
coastal belt is limited to areas not under cultivation of cereal and orchard crops. The low 
humidity and minimal rainfall in this area are conducive to low scrub vegetation such as 
tamarisk (Tamariscus tetragyna Ehrenb.), Cyprus mimosa (Acacia cyanophylla), and a 
variety of Eucalyptus trees (Eucalyptus camaldulensis Dehnh. and Eucalyptus 
gomphocephala DC.) (Steel 2004).  However, in both the foothills and the plains, if 
animal grazing is excessive, the natural vegetation may be replaced by garigue comprised 
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of low bushes of rockrose (Cistus L.), Cyprus broom (Genista sphacelata L.), spiny 
broom (Calicotome villosa Link.), and phagnalon (Phagnalon rupestre L.) among other 
shrubs and herbs (Meikle 1977). 
Vegetation of the Eastern Mediterranean Mainland 
The Eastern Mediterranean mainland is broadly described here as the land area on 
the eastern border of the Mediterranean Sea extending from the southernmost borders of 
Israel and Jordan northward to the northernmost borders of Syria (figure 2.1).  The 
following vegetation description is narrower in focus and pertains specifically to Israel 
and Jordan and the four longitudinal topographic belts described by Zohary (1973).  
These belts extend from the Mediterranean coast of Israel to the eastern border of Jordan.  
Zohary termed the four belts the coastal plain, the western hill and mountain range, the 
Jordan-Arava Rift Valley and the Transjordan plateau.   
The coastal plain is the lowland area extending from the southern foot of the 
Lebanon Mountains along the Mediterranean coast to northern Sinai.  The hill and 
mountain range which sits adjacent to the coastal plains just to the east, begins in 
southern Lebanon and merges into the Sinai Peninsula in the south.  It has an average 
height of 600 m with peaks in the north nearing 1200 m.  The Jordan-Arava Rift Valley is 
the lowest depression of the region (and the world) reaching 396 m below sea level at the 
Dead Sea.  At the base of the valley is the Jordan River, which serves as the boundary 
separating Jordan on the east from Israel and the West Bank on the west.  The Jordan 
River flows north to south reaching its base-level at the Dead Sea (figure 2.1) (van Zeist 
1985).  Finally, at the eastern edge of this region running longitudinally is the 
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Transjordan plateau, which ranges in maximum height from approximately 1250 m in the 
north to 1720 m in the south.   
This region can be divided into multiple vegetation zones based on elevation and 
rainfall that follow the belts mentioned above.  Along the coastal plain belt and the 
eastern portions of the Jordan Rift where rainfall is over 300 mm per year, exists 
Mediterranean forest vegetation intermixed with steppe and some desert plants.  The 
forests are mainly Pinus halepensis, Quercus calliprinos, Vallonea oak (Q. ithaburensis 
Decne.), Ceratonia siliqua and Pistacia (Zohary 1973). The high elevations of the hill 
and mountain region, as well as parts of the Transjordan Plateau (500 m and above), 
harbor a steppe-forest of turpentine tree (Pistacia atlantica Desf.), buckthorn (Rhamnus 
dispermus Ehreb.), deciduous shrubs (Amygdalus korshinskyi Hand.-Mazz.) and Quercus 
ithaburensis (Zohary 1973).  This forest does not persist on the eastern side of higher 
elevations and mountainous regions however, because they are drier due to a rain-shadow 
effect (Wigley and Farmer 1982; Wilkinson 2003).  At the base of the Jordan Rift and 
extending upward to approximately 300 m elevation is acacia vegetation bounded by 
Mediterranean garigue.  Due to meager annual rainfall (less than 100 mm per year) 
(Wilkinson 2003), vegetation is sparse yet hardy and includes Umbrella thorn (Acacia 
raddiana Savi, Acacia tortilis Forsk.), chenopods (Anabasis articulata Forsk.), Palestine 
buckthorn (Rhamnus palaestinus L.), Calicotome villosa, and brushwood (Sarcopoterium 
spinosum) (Al-Eisawi 1996; Zohary 1973). 
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Historical Landscapes 
The landscapes of the Eastern Mediterranean have witnessed the longest tradition 
of continuous human settlement (Miller 2004) and experienced growth, expansion, and 
collapse of many of the strongest civilizations in the world (Blondel 2006).  di Castri 
(1981) describes this region as experiencing a coevolution of humans and environment 
due to the intricate relationship that has existed in the region for over 10,000 years. As a 
result, in many areas anthropogenic agents have created a much different environment in 
which only remnants of past landscapes still exist today (van Zeist 1985; Wilkinson 
2003). 
Historical accounts of the vegetation on Cyprus and the mainland describe very 
different past forests than are present today.  P.G. Madon (1881) describes Cyprus over 
130 years ago as the “Green Island” because of its vast cover of cedar on mountain tops 
and dense pine forest covering its slopes.  Nearing the base of the mountains, the Pinus 
(pine) merged with Quercus (oak), Cupressus (cypress), Pistacia (pistachio), Ceratonia 
siliqua (carob) and arbutus, which extended down to the plains where tamarisk and 
oleander thrived.  He described almost the entire island as covered with a “thick canopy 
of verdure”; much different from the estimated 17-18% tree cover experienced today 
(Thirgood 1987; Meikle 1977).  The Jordan Valley region on the mainland has 
experienced a similar loss of forestation.  This valley once harbored extensive forests of 
Euphrates poplar (Populus euphratica Oliv.) and Jordan tamarisk (Tamarix jordanis 
Boiss.), while the highlands sustained dense forests of Ceratonia siliqua, almond 
(Amygdalus communis), Pinus halepensis, Pistacia atlantica and Olea europaea (van 
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Zeist 1985).  Today only isolated remnants of those natural forests still exist (van Zeist 
1985). 
There have been many studies of the Eastern Mediterranean mainland focusing on 
the last 10,000 years that show the land had been extensively deforested in some areas 
(Willcox 1974; Miller 1984; Miller 1998). Further studies suggest that deforestation was 
so great in some areas that the occupants were forced to rely on alternative sources of fuel 
(e.g., animal waste) as their main fuel source (Miller 1985; Miller 2004; Köhler-
Rollefson 1988) because trees were no longer available.  Wilkinson (1990) studies show 
similar trends in deforestation for the region around 2000 BC.  To this point botanical 
remains have been little discussed in the literature pertaining to developmental and 
economic trajectories associated with Cyprus (Steel 2004).  The prevalent idea regarding 
the island has long been that it was subjected to centuries of timber cutting and varying 
land-use strategies, yet little physical evidence corroborating these assumptions has been 
published (Butzer and Harris 2007).  Hansen (2003) states that plant remains are not 
abundant at any site on Cyprus due to poor preservation and permeable sediments.  This 
lack of physical evidence leads others to assume that perhaps timber-cutting is not as 
influential as previously thought and that land use and land cover change was not a 
significant factor during the Bronze Age (when one would assume it might be strongest).   
Island of Cyprus- Politiko-Troullia: Cyprus is distinctly different from the Near 
Eastern mainland, due to the later development of cities on the island.  Urbanized society 
appeared during the Late Bronze Age (i.e. Late Cypriot) approximately ca. 1400-1200 
BC. as opposed to the Early Bronze Age advent of cities at approximately 2500 BC on 
the mainland.   Politiko-Troullia is the focal site in Cyprus for investigation and 
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comparison to mainland sites.  At roughly 2 ha in size, Politiko-Troullia existed in the 
Middle Cypriot (contemporaneous with Middle Bronze) spanning five archaeological 
phases from approximately 2100 to 2000 BC; a period before urban development on the 
island (see table 2.1) (Falconer and Fall 2013).  It lies at junction of the Mesaoria plain in 
central Cyprus and the copper ore deposits at the foothills of the Troodos Mountains in a 
landscape dominated by maquis vegetation.   The area receives approximately 500 mm of 
rainfall per year (Koutsoyiannis 2004) with most of that accumulating in the winter due 
to its Mediterranean climate (Knapp 1992). 
 
Figure 2.2. Photograph of excavation site of Politiko-Troullia.  North is toward the top of the image 
Politiko-Troullia is located between steep valleys carved by two ephemeral 
streams, the Pediaios River to the east and Kamaras Creek to the west (see figure 2.2). 
The Kamaras Creek is fed by natural springs, which are used to irrigate orchards and 
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fields to the south of the site (Fall et al. 2008). The Pediaios River is dammed currently, 
but the river has flowed intermittently in the past, emptying into the Mediterranean Sea 
by the Late Bronze Age site of Engomi.  Politiko-Troullia is also bounded by the terraced 
hills of Politiko-Lampertis to the north and the Koliokremnos hogback to the south.  
Excavation of the site commenced in 2005 after promising results from both stratigraphy 
and surface and subsurface surveys (Falconer et al. 2005). 
Botanical and faunal remains excavated from Politiko-Troullia suggest the 
importance of agriculture, herding and traction animals to the village economy, while 
metal items and limestone molds for casting tools demonstrate the importance of 
metallurgy (Fall et al. 2008). Palaeobotanical evidence from charcoal and charred seeds 
suggests the persistence of surrounding tree cover throughout the village’s occupation, 
rather than extensive deforestation.  Further, the distribution of these materials across the 
site reveals multiple uses of household space, providing a greater understanding of the 
contributions of agriculture, metal and ceramic production to Politiko-Troullia’s 
economy (Fall et al. 2008).  These materials may also help elucidate land cover and 
anthropogenic land use alterations during its occupation. 
Eastern Mediterranean Mainland- Tell el-Hayyat, Tell Abu en-Ni‘aj, Zahrat adh-
Dhra‘1, Jordan: Tell Abu en-Ni‘aj and Tell el-Hayyat (2.5 and 0.5 ha respectively) are 
discussed together initially because they are located less than 2 km apart in the central 
Jordan River Valley.  These villages are located on a floodplain about 2 km east of the 
Jordan River in an area that harbors arid forest and steppe vegetation. There are 
permanent springs approximately seven km to the northeast, but because of this distance, 
these villages likely depended on rainfall for agriculture (approximately 300 mm per 
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year) (Falconer and Magness-Gardiner 1989).  Tell Abu en-Niʻaj (226 meters below sea 
level; mbsl) was part of a system of villages and encampments along the fertile lands of 
the Jordan Valley (Falconer et al. 2007).   Tell Abu en-Ni‘aj spanned seven 
archaeological phases during the urban collapse of Early Bronze IV (2550 to 2250 BC) 
(Falconer and Magness-Gardiner 1989).  Tell el-Hayyat (236 mbsl) spanned five 
archaeological phases from Early Bronze IV to late Middle Bronze IIC (2000 to 1500 
BC), a period of urban reemergence, which suggests that it interacted economically with 
surrounding urban centers (Falconer and Fall 2006).  Since Tell Abu en-Ni‘aj existed 
prior to Tell el-Hayyat, during a period of urban abandonment (Falconer and Savage 
1995, 2009) it did not receive the economic mercantile influences from large cities that 
Tell el-Hayyat experienced.  
It was insight into the rare economies of the Early Bronze IV that motivated the 
excavations of Tell Abu en-Ni‘aj by Dr. Steven Falconer and Dr. Patricia Fall (both of 
Arizona State University) beginning in 1985 (Falconer et al. 2004).  The findings from 
Tell Abu en-Ni‘aj suggest the village was sedentary (based on faunal remains) rather than 
nomadic, as is often assumed for villages existing during urban abandonment (Falconer et 
al. 2004).  The agricultural economy of the village suggests sedentary settlement due to 
the high frequency of fruit remains.  The Early Bronze IV and Middle Bronze Ages were 
initially assumed to have had dramatically different social structures; however, the 
surprising evidence unearthed from Tell Abu en-Ni‘aj suggests there was more continuity 
between the periods than previously thought (Falconer et al. 2004).  
 Tell el-Hayyat was chosen for excavation after a 1975 survey to collect surface 
samples directed by Ibrahim, Sauer and Yassine of the East Jordan Valley Survey 
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concluded the site would provide a controlled sequence of occupation from Early Bronze 
IV through the critical reurbanization of the Middle Bronze Age (Ibrahim, Sauer and 
Yassine 1976; Falconer and Fall 2006).  Excavations began in 1982 and evidence from 
faunal and botanical remains indicates there was incentive for the occupants to participate 
in commercial opportunities with surrounding cities by increasing production of 
marketable goods (Falconer and Fall 2006).  As a response to the influence of urban 
centers, villages that existed at this time had a marked anthropogenic imprint on the 
landscape due to increased production of valuable goods such as olive, grape, wheat and 
sheep and the secondary products associated with each (Falconer and Fall 2006). 
 
Figure 2.3. Photograph overlooking Tell el Hayyat. West is toward the top of the image 
 Zahrat adh-Dhra‘1 (200 mbsl) existed in the Middle Bronze Age and is situated in 
the Jordan Rift approximately 160 km to the south of Tell el-Hayyat and Tell Abu en-
Ni‘aj.  It sits on slopes 10 km east of the Dead Sea on the Plain of Dhra’.  The site 
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(approximately 6 ha) was excavated in 1999 as a means to investigate long-term 
agricultural intensification in the Levant region (Falconer and Fall 2006).  Here, the 
yearly rainfall averages only 50-100 mm and farming is considered marginal since 
rainfall routinely measures less than 200 mm per year, which is generally the minimum 
needed for dry farming (Adams 1974).  Natural springs exist in the area, and there is a 
possibility that they may have been a source of irrigation water for local farmers 
(Macumber and Head 1991).  Zahrat adh-Dhra‘1 sits along a flat linear ridge surrounded 
by deep ravines cut by intermittent streams.  Part of the site was lost, however due to 
fluvial erosion along one of those streams, Wadi Dhra’. 
Zahrat adh-Dhra‘1 existed from Middle Bronze IIA to Middle Bronze IIB (2100 
to 1600 BC) and spanned two archaeological phases during the height of pre-classic 
urbanism (Edwards et al. 2001, 2002, 2004; Fall et al. 2007).  Regional economic factors 
from the urban centers likely had a significant influence on the agricultural decisions of 
small sedentary, agrarian communities.  However, evidence from Zahrat adh-Dhra‘1 
reveals a different economic arrangement.  Semi-subterranean architecture may suggest a 
mobile community while agricultural evidence is consistent with sedentary agriculture.  
While communities similar to Zahrat adh-Dhra‘1 are difficult to locate archaeologically 
(having a strategy that sits between full sedentism and mobility), they are known to exist 
given the fluidity of population and settlements at the time (Berelov 2006).  
Research Design 
Together these villages span Early to Middle Bronze Age occupations (2500-1500 
BC).  This time period includes the urban collapse of the Early Bronze (Tell Abu en-
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Ni‘aj) and the subsequent reemergence of cities during the Middle Bronze (Tell el-
Hayyat and Zahrat adh-Dhra‘1).  This specific time frame is also important because it 
covers occupations existing during and after the hypothesized severe climatic drying 
event of the Early Bronze Age (Issar 2003).  The palaeobotanical samples found at these 
villages are ideal for studying the potential differences in climate and land cover and land 
use.  This research was conducted to expose spatial and temporal differences or 
similarities of the landscape and land utilization across the eastern Mediterranean during 
this critical time period. These analyses are important because of the apparent 
environmental changes that took place in this area due to the development of urbanized 
civilization during a shifting climate.  Thus, this research is driven by two main 
questions. 1) What are the most important characteristics of environmental change?, and 
2) What is/are the most important cause(s) of this change?   
The central body of evidence for this study is charcoal and carbonized seeds 
recovered from these four ancient villages. The archaeological sites chosen have an 
abundance of reliable data and are located in a range of Mediterranean landscapes (e.g. 
from wooded areas to steppe regions) and social structures (e.g. in the presence or 
absence of cites; economic systems with varying combinations of farming, pastoralism 
and hunting).  These environmental and cultural differences are reflected in the use of the 
land, and thus are reflected in the charred botanical remains that are used as a proxy for 
interpreting such anthropogenic and climatic influences (Miller 1996).  Charred remains 
provide insight into the rural ecologies and economies of Bronze Age civilizations in the 
Near East.  The methods used to process sample material from all of these villages follow 
Miller (1997, 2010) and Johannessen (1988).  
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Methods 
Field Methods- Site Excavations: The excavations at Politiko-Troullia were 
supervised by Dr. Steven Falconer and Dr. Patricia Fall of Arizona State University under 
permit from the Department of Antiquities, Cyprus (2004-2009 field seasons).  Dr. Fall 
managed the collection of floral remains from sediment samples; 110 samples were 
collected from the site, which together totaled 897.4 liters of sediment that were floated 
and processed for an average of 8.2 liters per sample.  The excavations at Tell Abu en-
Ni‘aj were also supervised by Dr. Steven Falconer and Dr. Patricia Fall under permit 
from the Department of Antiquities of Jordan (1985, 1996/7 and 2000 field seasons).  Dr. 
Fall supervised the botanical collection, which yielded over 200 samples. Of them, 52 
samples were processed for this study totaling 173.7 liters for an average of 3.3 liters per 
sample. The excavation of Zahrat adh-Dhra‘1 took place during the winter of 1999/2000 
under the direction of Dr. Steven Falconer in conjunction with the Department of 
Antiquities of Jordan and the American Center of Oriental Research, Amman.  From the 
site, a total of 39 sediment samples were recovered.  In total, 179.6 liters of sediment 
were floated calculating to an average of 4.6 liters per sample.  Finally, the excavation of 
Tell el-Hayyat took place under the co-direction of Dr. Steven Falconer and Dr. Bonnie 
Magness-Gardiner in conjunction with the Department of Antiquities of Jordan and the 
American Center of Oriental Research, Amman (1982, 1983 and 1985 field seasons).  Dr. 
Fall processed a total of 61 sediment samples from this site for a total of 318 liters 
floated, with an average of 5.2 liters per sample. 
Processing Methods: Sediment samples were collected from all sites using a non-
random sampling strategy in which samples were collected from areas that showed 
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evidence of charred remains.  The sediment was carefully scraped, collected in a bag and 
documented based on its particular location in the site.  Each sample was subsequently 
processed in the field laboratory where the volume (in liters) of each sample was 
recorded before it was processed using the flotation device. All sediment samples were 
processed using manual flotation equipment, with the exception of samples from Tell 
Abu en-Ni‘aj for which a mechanized flotation machine was used (Float Tech 2000).  
 All flotation equipment (manual and mechanized) consisted of a large tub of 
water in which a 5 mm mesh tub was nested.  The sediment was poured into the tub of 
water and gently agitated to break the sediment and separate the charred botanical 
remains (i.e. charred seeds and charcoal).  This separated the heavy fraction, which sinks 
to the bottom and is captured in the 5 mm mesh, from the light fraction, which floats on 
the surface of the water.  Both the heavy and the light fractions were collected and air-
dried for subsequent processing with nested sieves.  Each sample was poured through 
four nested sieves consisting of 4.75 mm, 2 mm, 1 mm and 0.5 mm mesh.  All remains 
measuring 2 mm or greater were collected and all seeds and seed fragments were sorted 
with the use of a binocular microscope for later counts and identification.  All sieved 
remains measuring 1 mm or less were scanned for seeds and seed fragments, which were 
collected, while the remaining material was discarded.   
With the seeds already sorted out, the remaining botanical material 2 mm or 
greater (charcoal, chaff, stalks) was then poured through a sample splitter.  This created 
comparably-sized sub-samples from each original sample.  The mathematical fraction of 
sediment used (i.e. ½, ¼) was recorded in order for the multiple to be reintroduced in the 
final charcoal weight measurement.  Each sub-sample was then sorted to separate the 
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charcoal, chaff and stalks from unusable sediment.  Charcoal from each sample was 
weighed and the sample fraction was used to calculate an overall charcoal sample weight, 
which was recorded in a spreadsheet of sample contexts and data for each site.  Finally, 
the seeds and seed fragments were identified using reference material (Pearsall 1989; 
Renfrew 1973), counted and organized into four main taxonomic categories; orchard, 
cereal, legume and wild/weedy taxa for inclusion on these spreadsheets.  Orchard and 
cereal taxa would have had market value and can be interpreted economically and 
socially based on their production, processing and consumption (Hastorf 1988).  Orchard 
crops require a long-term investment and are valued for their marketable secondary 
products (Zohary and Hopf 1988), while cereals are intentionally cultivated for human 
and/or animal consumption (Miller 1988). 
 To obtain the weights of the seeds, a calculation was used for each sample rather 
than individual weight measurements.  This was necessary because for some samples, 
only the seed identification and counts were available, not the original seeds.  In order to 
use all possible samples, an average weight was utilized to calculate sample seed weights 
for the following seed types and seed categories using charred seeds from available 
samples; olive (.079 g/seed), grape (.013 g/seed), fig (.0003 g/seed), pistachio (.004 
g/seed), cereals (.006 g/seed), legumes (.006 g/seed) and wild/weedy (.004 g/seed) seeds.  
This calculation was used for all samples from the four sites studied in this dissertation.  
 The charcoal remains were processed further by identifying their tree or shrub 
taxon to the family level (genus or species when possible) for 30 charcoal pieces from 
each phase at each site.  A Scanning Electron Microscope (SEM) (JEOL JSM6300) was 
used because the charcoal pieces were too small to be identified using a reflected light 
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microscope.  Samples were prepared for the SEM by being randomly selected from the 
original sample and carefully sectioned with a thin razor along the transverse, tangential 
and radial planes under a binocular microscope and then mounted on a 12.7 mm 
aluminum stub covered with a thin layer of double-stick adhesive.  Each charcoal sample 
(with the three planes of section) was strategically placed on the aluminum stub and 
oriented in such a way as to be easily photographed with the SEM.  Stubs were coated 
with a thin layer of gold-palladium, which is necessary to conduct the beam of electrons 
produced by the microscope over the sample for the image to be taken.  Images were then 
carefully taken of the charcoal on each stub making sure diagnostic anatomy was clearly 
visible.  The photographs were then identified using reference materials as aids 
(Schweingruber 1990; Gale and Cutler 2000, Fahn et al. 1986; Akkemik and Yaman 
2012).  Once the charcoal samples were identified to the most specific taxonomic level 
possible, the identifications were recorded in the site-by-site databases.  Some of the 
samples could not be identified because the anatomical structures were not sufficiently 
visible for a confident diagnosis.  Thus, most phases have fewer than 30 identified 
charcoal specimens; all those that were undetermined were placed in a separate category.  
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Chapter 3 
ANTHROPOGENIC INFLUENCE ON LAND COVER 
Archaeobotanical Interpretations 
 Determining the degree to which humans influenced environmental change is a 
difficult endeavor.  Many studies have pursued similar assessments (i.e. human or 
climatic constraints on agriculture, economy, natural vegetation) using archaeobotanical 
material.  Naomi Miller is a leader in this research by pioneering many of the ratio 
applications and interpretations used in this study and numerous others (Miller 1984, 
1997; Gremillion 1995; Fall et al. 1998; Klinge 2009; Klinge and Fall 2010; Nesbitt 
1995).   
Ancient villages often are compared to one another over time or space based on 
deductions stemming from the suites of botanical material gathered from each site.  In 
general, charcoal and charred seeds that are incorporated in a botanical assemblage at an 
archaeological site represent the catchment area, or the area around a site from which 
food and supplies were drawn by the occupants (Miller 2010).  Clearly, not all vegetative 
materials brought into a village are retained in the archaeological record.  To survive 
archaeologically, they must be resistant to decay, and charring as a result of burning is 
one of the most effective means of preserving organic material (Nesbitt 1995).  Organic 
evidence (particularly wood) may become charred when entire structures or houses burn 
or by the everyday combustion of plant material in hearths and ovens.   
Charred wood is the most commonly recovered evidence of fuel use (Smart and 
Hoffman 1988) because of its bulk, and the duration and intensity of fire that it can 
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supply.  Charred seeds on the other hand come from sources that sometimes are not so 
clear.  While seed assemblages from within archaeological sites are often assumed to 
reflect seed utilization (crop processing, consumption, collection), one must make a 
scrupulous assessment of the context from which the charred materials are gathered.  It is 
quite possible that the seeds originated from indirect utilization (Minnis 1981); that is, 
seeds may have been deposited naturally or through human utilization of the plant/tree, 
not use of the seeds themselves (this is often how olive or grape seeds are incorporated 
into an assemblage). Pearsall (1988) proposes several additional avenues by which 
charred seeds may enter the carbonized botanical record at a site.  She explains they may 
be originally gathered for food and then accidentally charred during cooking and 
preparation.  They may be part of a food that was discarded into the fire as waste.  As 
further alternatives, they may have blown accidentally into a fire from no human 
intention at all, or they may have originated as animal waste that was burned as fuel. 
Seeds that originate as animal waste clearly do not result from human utilization 
or diet, but from the diet of animals. Naomi Miller (1984) discusses the use of animal 
waste as fuel at many sites in the Eastern Mediterranean, arguing that any interpretation 
of seed assemblages must be built upon a strong understanding of the way in which the 
seeds were integrated into the cultural system.  She notes the need to determine the 
cultural or natural processes that brought the seeds to their depositional context and how 
the plant remains reflect the conditions of the ancient economy and environment (Miller 
1984).  It is pivotal when comparing multiple sites using botanical remains as a proxy 
that these contextual conditions are similar, so as not to draw ancient economic or 
ecological conclusions based upon non-comparable data. 
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Charcoal holds interpretive value similar to that of charred seeds, and when found 
at archaeological sites, it is a useful proxy for analyzing local vegetation and its potential 
exploitation by humans (Asouti and Austin 2005).  In most cases charcoal reflects an 
intentional human action involving selection of certain wood taxa. Asouti and Austin 
(2005) note that these interpretations may also reflect the availability, form and 
distribution of woodland vegetation in the local environment around the site. They also 
explain that the cultural aspects of the site may be interpreted as well because collection 
of the fuel wood is interlinked with how it was being used.  Charcoal analysis in this 
context has a very specific spatial and temporal resolution, and thus, any interpretations 
at larger scales must involve collecting fuel remains from multiple sites spanning 
multiple periods (Asouti and Austin 2005).   
Hastorf and Popper (1988) discuss the value that plant remains provide for the 
interpretation of ancient settlement and society.  Because of humans’ reliance on the land 
for many of their needs (food supplies, fuel for home and economic activities, 
technological innovations), plant remains provide a direct link to interpret these activities. 
Palaeoethnobotany is the term used to describe the use of vegetation evidence to address 
such interactions among humans and the plants that they cultivated or grew naturally 
(Renfrew 1973).  This evidence is then used to infer both cultural behaviors and 
environmental changes with regard to land use and land cover.  These botanical 
interpretations can illustrate local use, as well as broad patterns and shifts in human-
environmental interactions over time (Johannessen 1988) and space.  Further, charcoal 
and charred seeds are best interpreted jointly because they often fluctuate 
complementarily (i.e. as the use of one goes up, the use of the other goes down), as is 
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illustrated in many studies addressing deforestation and the use of animal waste as fuel 
(Miller 2004, 1986, 1984; Hillman et al. 1997).   
Previous research assessing the reliability of botanical analyses suggests that 
contextual analyses of carbonized material and the classification of seed remains are 
highly valuable (Hubbard and Clapham 1992).   Seed assemblages have been used to 
study shifts between foraging and farming; from simple subsistence level diet to include 
ultimately a vast breadth of dietary taxa.  A long-term increase in the variety of food 
sources (reflected in an increased range of dietary seed taxa) was the predecessor of the 
first farming strategies (Weiss et al. 2004).  Similarly, our knowledge of the spread of 
farming and reliance on the landscape stems substantially from analyses of seed 
assemblages (Colledge et al. 2004).  Additionally, charred seed and charcoal densities 
and seed-specific ratios have been used in studies around the world to assess cultural 
change (as understood from fire intensive activities) and the degree to which human 
reliance on the environment altered natural landscapes (Miller 1997; 1984; Miksicek 
1987; Renfrew 1973; Bohrer 1970).  The application of these methods and interpretations 
is an integral part of this dissertation. Thus, the following chapter uses charred botanical 
remains from domestic/economic fuel use to assess evidence of human-induced changes 
on ancient landscapes.   
Objective 1 
This chapter is a spatial comparative study of fuel types (wood vs. dung) found 
specifically in contemporaneous (Middle Bronze Age) archaeological sites on the island 
of Cyprus (Politiko-Troullia) and the Levantine mainland (Tell el-Hayyat and Zahrat 
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adh-Dhra‘1). This approach uses seed and wood densities, and ratios of seed: charcoal to 
assess changes in land use and land cover. This chapter will assess the possibility of 
human-derived landscape changes in the Middle Bronze Age.   
Hypothesis 1: Relative abundances of charcoal and carbonized seeds will indicate 
variable combinations of firewood vs. dung fuel use, thereby reflecting differences in the 
availability of woodland resources for the occupants of Politiko-Troullia, Tell el-Hayyat 
and Zahrat adh-Dhra‘1 during the Middle Bronze Age. 
Analytical Methods: A series of ratios and identifications of charcoal and charred 
seeds are used for analyses comparing the contemporaneous Middle Bronze Age sites of 
Politiko-Troullia, Tell el-Hayyat, and Zahrat adh-Dhra‘1.  Comparing villages that were 
occupied over a common time range maximizes the probability that differences in floral 
evidence between these sites primarily reflects geographical and economic 
circumstances, and minimizes the possibility that climate change was the primary cause 
of differences, since all economies would have been influenced by similar climatic 
changes (Issar 2003).   
The charred macrobotanical evidence from these sites was collected using the 
flotation method proposed by Johannessen (1988) and Miller (1997, 2010) (field and 
processing methods are discussed in detail in chapter 2 of this dissertation).  At all sites, a 
nonrandom sampling strategy was used to extract heavy and light fractions from areas 
that appeared to be rich in macrobotanical remains.  The specific information regarding 
the number of samples recovered and the amount of sediment floated is described for 
each site in table 3.1.  These data were analyzed under the assumption that seeds (except 
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those from orchard crops) were carbonized primarily by the combustion of animal-waste 
fuel (Miller 1984).  These data are summarized below to provide a general portrait of 
land use and land cover associated with each village.  
Table 3.1 Sample and sediment data for each site 
 Samples recovered (N) Total Liters floated Average liters/sample 
Politiko-Troullia 110 897.4 8.2 
Tell el-Hayyat 61 318 5.2 
Zahrat adh-Dhra‘1 39 179.6 4.6 
 
Table 3.2 Seed identification and counts for Politiko-Troullia, Tell el-Hayyat and Zahrat adh-Dhra‘1 
  Politiko-Troullia Tell el-Hayyat Zahrat adh-Dhra‘1 
Orchard 320 465 211 
Olive 34 74 0 
Grape 35 14 59 
Fig 225 377 152 
Pistachio 26 0 0 
Cereal 41 931 198 
Wheat 34 234 28 
Barley 2 336 132 
Oat 3 186 0 
Rye 2 173 0 
Und. Cereal 0 2 66 
Cult. Legume 0 155 43 
Legume 0 81 15 
Lentil 0 53 0 
Garden Pea 0 21 28 
wild/weeds 90 675 883 
Wild grass 0 104 69 
Wild legumes 4 201 381 
Wild other 21 368 426 
Wild no ID 65 2 76 
At each site species identifications and counts of the charred seeds were recorded, 
as their presence is an initial indication of what was growing naturally and what was 
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being actively cultivated.  These data were categorized broadly as economic taxa (cereals, 
orchard, legumes) and non-economic taxa (wild/weedy) per phase at each of the sites (see 
table 3.2).   
Two specific ratios were used to make assessments of the landscapes associated 
with each village [seed count (#): charcoal weight (g); wild seed count (#): charcoal 
weight (g)] (see Miller 1988).  These ratios were calculated at each site by first 
calculating the ratios for each sample, then averaging those ratios per phase and for the 
site as a whole to create the values used here (following methods in Miller 1997, 2010). 
All samples lacking charcoal (i.e. 0 grams) were excluded from the calculation of these 
ratios (Miller 1988).  For the first ratio, seed (#): charcoal (g), orchard seed counts were 
excluded from the total seed count because orchard fruits generally are not included in 
domesticated animal diets (Miller 1984).   
Only seeds that reflect animals’ diets are used in the calculation and thus, this 
ratio can be used to interpret the use of alternative fuels (i.e., animal waste vs. wood).  
The assumption that seeds originate from animal waste is particularly appropriate in arid 
and semi-arid regions where trees are sparse and the use of alternative sources of fuel was 
common (Miller 1997, 2010).  This ratio may be used to infer vegetation shifts (i.e. 
deforestation and tree utilization) over time.  Small values indicate greater use of charcoal 
rather than alternative fuels, and are therefore an indication of the presence of tree cover 
and harvesting of local fuel wood. If fuel wood is less available, alternative fuel sources 
(especially animal waste) must be used and a larger ratio value would be produced 
(Miller 1984).   
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The second ratio, wild seed count (#): charcoal weight (g), is used to infer 
differing proportions of pastureland to tree cover. Again, insofar as carbonized seeds 
originate from burned animal waste, wild seeds are a reflection of vegetation that grew 
naturally on the landscape and was being eaten by local herds, whereas the charcoal is an 
indication of the availability of trees for wood fuel.  Thus, the wild seed (#): charcoal (g) 
ratio provides an indicator of pastureland cover relative to tree cover and is an indicator 
that an area was sparsely, or conversely, densely covered with trees.  A small ratio (few 
seeds to large amounts of charcoal) would indicate that a greater abundance of wood was 
used as fuel (indicating abundance of trees), and a larger ratio (more seeds to less 
charcoal) would indicate less tree cover and more pastureland leading to the greater use 
of waste as an alternative fuel source.  If over-utilization of the trees on the landscapes 
surrounding these villages was truly significant, forcing the occupants to rely on 
alternative fuel sources, one might assume these ratios [seed (#): charcoal (g) and 
wild/weedy (#): charcoal (g)] should fluctuate similarly through the occupation of an 
individual site. 
Two density ratios were calculated for charred seeds [seed count (#): liter of 
sediment] and charcoal [charcoal weight (g): liter of sediment] to infer relative rates of 
wood or alternative fuel use at the villages.  Densities provide a means of standardizing 
seed data since sample sizes are not consistent at all villages.  Both the charcoal and seed 
densities provide particularly useful indicators of fuel sources and utilization rates.   The 
charcoal densities were calculated per phase by dividing the total weight (g) of the 
charcoal to the total volume (l) of sediment floated.  Similarly, the charred seed densities 
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were calculated per phase by calculating the total number of seeds (#) found in each 
phase to the total volume of sediment floated from that phase.  
Unlike, seed: charcoal ratios, these seed densities are not calculated as the mean 
of individual sample values.  Again, all of these ratios [density ratios; seed (#): charcoal 
(g); wild seed (#): charcoal (g)] are calculated to reflect fuel use and landscape 
differences over space during the Middle Bronze Age, involving agricultural lands 
(perennial orchards, annual crop lands), tree cover, and pastureland. I use bar charts to 
plot seed and charcoal densities and seed-specific ratios through the phases at each site 
and for each of the sites as a whole to reveal trends in tree utilization and tree cover. In 
addition, phase-by-phase data for each site reflect trends of change associated with each 
village through the Middle Bronze Age. These chronological analyses are assessed to 
interpret spatial changes on the landscape likely induced by anthropogenic agents.  
To test for statistical significance and because the data are nonparametric, the 
Kruskal-Wallis statistical test was performed for pairwise comparisons of each site 
against each of the other sites for the two density ratios (seed density and charcoal 
density) as well as the two seed-specific ratios (seed #: charcoal g and wild seed #: 
charcoal g).  This test is easily calculated using the program Minitab in which all specific 
ratio values for each sample at a particular site are compared to all ratio values for each 
sample for the site in comparison.  This produces a p-value by which the null hypothesis 
is either accepted or rejected.  The equation for the Kruskal-Wallis test is as follows:     
  
  
 (   )
∑
  
 
  
  (   ) 
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Where:  H= Kruskal-Wallis test 
 N= number of subjects in a group 
 Ri= sum of the ranks for a particular sample 
 Ni= Number of observations in a particular sample 
 Results 
 The p-values (see appendix I) for comparison of Politiko-Troullia to Tell el-
Hayyat and to Zahrat adh-Dhra‘1 proved to be statistically significant for all densities and 
seed-specific ratios.  Thus, the probability that the observed differences between Politiko-
Troullia on the island of Cyprus, and Tell el-Hayyat and Zahrat adh-Dhra‘1 on the 
Middle Eastern mainland reflect sampling from a common population, sampling error or 
random chance is statistically insignificant.  In contrast, only the wild seed (#): charcoal 
(g) ratios differ significantly between Tell el-Hayyat and Zahrat adh-Dhra‘1.  Otherwise, 
comparison of seed and charcoal densities and seed: charcoal ratios produces p-values 
that are not statistically significant.  Thus, the null hypothesis that the observed 
differences in seed and charcoal densities, and the seed: charcoal ratio between these sites 
may reflect sampling from a common population, sampling error or random chance 
cannot be rejected.  These results reveal meaningful differences in land use and land 
cover primarily between Politiko-Troullia vs. the contemporary mainland villages, rather 
than between the two mainland villages. 
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Table 3.3 Total density values and mean seed-specific ratios per phase and overall at each site. *One 
anomalous seed: charcoal ratio value from Tell el-Hayyat was excluded (K.46.177) 
 
Phase 5 & 4 Phase 3 Phase 2 Phase 1 Total 
Politiko-Troullia N= 8 N= 21 N= 39 N= 42 N= 110 
Charcoal density 0.19 0.07 0.26 0.84 0.40 
Seed density 0.02 0.07 1.12 0.11 0.50 
seed:char (#:g) 0.43 14.73 23.61 26.48 21.3 
wild:char (#:g) 0.43 14.73 18.04 17.55 15.92 
 
Phase 5  Phase 4 Phase 3 Phase 2 & 1 Total 
Tell el-Hayyat N=16 N=15 N=15 N= 14 N=60 
Charcoal density 1.50 1.30 1.25 2.41 1.62 
Seed density 6.91 3.40 8.38 9.59 7.00 
seed:char (#:g) 4.92 4.56 9.96* 21.8 10.23* 
wild:char (#:g) 1.26 0.44 5.40 13.82 5.16 
 
Phase 2 Phase 1 Total 
  
Zahrat adh-Dhra‘1 N= 29 N= 10 N= 39 
  
Charcoal density 2.74 1.17 2.24   
Seed density 6.46 11.19 7.97   
seed:char (#:g) 11.32 28.04 16.24 
  
wild:char (#:g) 6.96 23.63 11.23 
  
All Sites: When calculated as one value for each site as a whole, the density ratios 
show general similarities for both seed and charcoal densities between the mainland sites 
Tell el-Hayyat and Zahrat adh-Dhra‘1.  For both sites the seed density is approximately 
three times that of the charcoal density (see table 3.3 and figure 3.1).  The densities at 
Politiko-Troullia are consistently low and very similar in value, less than one gram per 
liter for both seeds and charcoal (see table 3.3 and figure 3.1).  The seed-specific ratios of 
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wild (#):  charcoal (g) and seed (#): charcoal (see figure 3.2) at all sites indicate the 
lowest values for both ratios (wild: charcoal and seed: charcoal) are at Tell el-Hayyat (5 
and 10 respectively) and the greatest values are at Politiko-Troullia (16 and 21 
respectively) with Zahrat adh-Dhra‘1 in the middle (11 and 16 respectively).  The 
disparity between seed-specific ratios at all sites was similar at about 5.   
 
Figure 3.1 Charcoal and charred seed densities calculated as a total value for each site 
 
Figure 3.2 Seed-specific ratios calculated as an average value for each site. 
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Politiko-Troullia phases: The charcoal and charred seed densities at Politiko-
Troullia (figure 3.3) are very minimal during the first phases (phases 5, 4 and 3); with 
less than 0.2 grams per liter for both density ratios in these phases (see figure 3.3).  Later 
in its occupation, the charcoal deposition reveals a trend of increased density (during the 
final two phases of occupation) from 0.3 grams per liter to 0.9 grams per liter.  Politiko-
Troullia had very low seed densities throughout its phases of occupation (less than 0.2 
grams per liter) with the exception of Phase 2 where the ratio spiked to greater than 1.0 
grams per liter (the greatest density value produced at the site).  The seed-specific ratios 
of wild: charcoal and seed: charcoal at Politiko-Troullia (figure 3.4) reveal very small 
values during the first two phases of occupation (phases 5 & 4).  Toward the end of the 
site’s occupation, phases 3, 2 and 1 show essentially an increasing trend in both of the 
seed-specific ratios. 
 
Figure 3.3 Charcoal and charred seed densities by phase at Politiko-Troullia. Note: a different scale on the 
y-axis is used on this density ratio chart compared to the density ratio charts for the other two sites. 
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Figure 3.4 Seed-specific ratios by phase at Politiko-Troullia 
Tell el-Hayyat phases: The density ratios (see figure 3.5) from Tell el-Hayyat 
show consistently higher seed density than charcoal density throughout each phase of 
occupation. The charcoal rates hover around 1 to 2 grams per liter, while the seed 
densities show increasing values from phase 4 to phase 1.  The final phases of occupation 
(phases 2 and 1) reveal the highest seed density of all phases.  Between the two seed-
specific ratios the seed: charcoal ratio is consistently higher throughout all phases of 
occupation.  There was an anomalous seed: charcoal ratio value for Phase 3 that was 
inconsistent with the rest of the phase-by-phase values at Tell el-Hayyat and with those 
from the other sites.  (This was produced because sample K.46.177 from phase 3 had not 
only the highest seed count, but also the lowest charcoal weight when compared to all 
other samples in this phase. Thus, it was excluded from the calculation for phase 3). The 
results of the seed-specific ratios (see figure 3.6) reveal an increasing trend through time 
of both the wild: charcoal ratios and the seed: charcoal ratios with the seed: charcoal ratio 
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values being consistently higher than the wild: charcoal throughout all phases of 
occupation. 
 
Figure 3.5 Charcoal and charred seed densities by phase at Tell el-Hayyat 
  
Figure 3.6 Seed-specific ratios by phase at Tell el-Hayyat 
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Zahrat adh-Dhra‘1 phases: Seed and charcoal densities (see figure 3.7) indicate 
an increasing seed density and a decreasing charcoal density between phases 2 and 1.  
There is a consistently higher density of seeds compared to charcoal throughout the 
occupation of Zahrat adh-Dhra‘1.  With regard to the mean seed-specific ratios (see 
figure 3.8), the seed: charcoal ratio is consistently higher through the phases than the 
wild: charcoal ratio indicating an increasing use of alternative animal waste fuel through 
time and a lesser use of charcoal. Interestingly, both ratios show an increased trend 
through the occupation of the site confirming alternative sources of fuel come from 
animals that grazed on natural pasturelands. 
 
Figure 3.7 Charcoal and charred seed densities by phase at Zahrat adh-Dhra‘1  
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Figure 3.8 Seed-specific ratios for each phase at Zahrat adh-Dhra‘1  
 
Discussion 
 All sites: The results of the density ratios in figure 3.1 show a general similarity 
between Tell el-Hayyat and Zahrat adh-Dhra‘1, which might be expected given their 
similar location on the mainland.  These results would also indicate that there are definite 
differences in seed and charcoal deposition between the mainland sites compared to the 
island site, Politiko-Troullia. The results indicate that there is greater seed deposition than 
charcoal deposition on the mainland sites of Tell el-Hayyat and Zahrat adh-Dhra‘1 
suggesting a greater reliance on alternative sources of fuel.  Interestingly, both of the 
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indicating less intensive fuel consumption (perhaps due to a smaller population).  The 
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grazing on crops at Tell el-Hayyat more than weeds and weeds at Zahrat adh-Dhra‘1.  
These results from Politiko-Troullia and Zahrat adh-Dhra‘1 indicate less disparity 
between weed and crop consumption, suggesting use of a combination of wood and 
alternative fuel sources.  Interestingly, although the lack of seeds suggests that charcoal 
was in use at Politiko-Troullia and local woodlands available, Politiko-Troullia produces 
high seed-specific ratios, although lower values than the seed: charcoal ratio at Tell el-
Hayyat.  However, the majority of the seeds recovered at Politiko-Troullia (although 
much less abundant than at the mainland sites) come from orchard trees, suggesting there 
was little need for alternative fuel sources (see table 3.2 and figure 3.9). 
 
Figure 3.9 Abundance of seeds as percentages of seed categories from all sites 
Politiko-Troullia phases: The charcoal densities (figure 3.3) at Politiko-Troullia 
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1.  This is consistent with a smelting economy and metallurgy (a fire intensive activity) at 
the site, particularly during phase 1 of its occupation when charcoal density is greatest. 
The results presented from the mean seed-specific ratios (figure 3.4) reveal small values 
during phases 4 and 5, which would suggest there was ample charcoal present, although 
these phases produced relatively few samples (n=8). Through the final three phases of 
occupation, as with the other MB sites, there were increased mean seed-specific ratios 
(seed: charcoal and wild: charcoal) for phases 3 to 1, suggesting increased grazing, 
especially on wild plants, through time and decreased tree cover.  
Tell el-Hayyat phases: Fig. 3.5 shows consistently higher seed density relative to 
charcoal density through time suggesting a greater use of alternative animal waste 
sources particularly given the increase from phases 4 to 1. The final four phases of 
occupation (phases 2 and 3 in particular) are concurrent with the height of urbanism 
during the Middle Bronze Age, and it is likely that local woodlands diminished, 
necessitating alternative sources as seen in the increased seed density.  The increasing 
trend through time of the seed: charcoal ratio indicates decreasing use of trees for fuel, 
suggesting their absence locally, while the increasing trend through time of the wild: 
charcoal ratio reflects that an alternative source of waste fuel from animals grazing on 
natural pasturelands became more common than wood.  This suggests a shift in land 
cover from one of trees to open pastureland, which is the cause for the shift from wood 
fuel to alternative fuel.   
Zahrat adh-Dhra‘1 phases: The results of the seed and charcoal densities (figure 
3.7) reveal similar results as depicted at Tell el-Hayyat.  There is an increase in seed 
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density and a decrease in charcoal density possibly revealing a short term shift to greater 
reliance on dung fuel from earlier to later occupation.  These results suggest the Dead Sea 
Basin area was sparsely wooded. The results of the mean seed-specific ratios (figure 3.8) 
indicate a decreased trend in wood fuel usage, suggesting the need for alternative fuel 
sources.  The increased seed: charcoal ratio through time corroborates this, while the 
increased weed: charcoal ratio through time indicates that the herds from which the 
alternative fuel source was gathered were grazing on open pasturelands.  
 Spatial comparisons: The seed and charcoal densities at Politiko-Troullia are 
much lower than those from Tell el-Hayyat and Zahrat adh-Dhra‘1 on the mainland 
Levant.  This may be a result of later development of cities and urbanized economies than 
on the mainland, and one might assume ample tree cover would have been present and 
utilized throughout Politiko-Troullia’s occupation. The charcoal and charred seed 
densities from Tell el-Hayyat and Zahrat adh-Dhra‘1 produced very similar outcomes, 
which was expected given they both thrived during the urban resurgence on the mainland 
and likely experienced similarly stressed environmental resources.  On the mainland, Tell 
el-Hayyat and Zahrat adh-Dhra‘1 have consistently low charcoal densities relative to seed 
densities throughout all phases of occupation, indicating a consistent utilization of 
alternate animal waste fuel sources relative to wood fuel sources, and suggesting 
diminished tree cover may have defined the mainland region.  This depiction of the 
mainland is corroborated at both sites based on the mean seed-specific ratios of seed: 
charcoal and wild: charcoal as well. In general, the spatial patterning of these results 
suggests that humans were the driving force of these differences between land use and 
land cover associated with these three Bronze Age villages.   
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Conclusions   
The statistical analyses indicate that the charcoal and charred seed densities as 
well as the seed-specific ratios are significantly different between Cyprus and the 
mainland Middle Bronze Age sites (Tell el-Hayyat and Zahrat adh-Dhra‘1), while Tell el-
Hayyat and Zahrat adh-Dhra‘1 appear the same.  Thus, the mainland sites do appear to 
have similar local land cover and land use trajectories.  This indicates there is a spatial 
difference in anthropogenic environmental influence from Cyprus to the mainland 
suggesting human influence on the landscape may be greater at the mainland sites.  
However, I suggest it is the type of wood remains recovered from all sites that will 
illuminate more clearly the spatial differences in human influence on land use and land 
cover.  Additionally, these results open the possibility that climate may be a significant 
driver of decision-making and environmental change.  Both assertions are tested in the 
following chapters. 
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Chapter 4 
EASTERN MEDITERRANEAN PLANT ANATOMY AND TAXONOMIC 
IDENTIFICATION  
The following is a detailed description of botanical taxa found at the 
archaeological sites used in this study, Politiko-Troullia, Tell el-Hayyat, Tell Abu en-
Ni‘aj, and Zahrat adh-Dhra‘1.  Descriptions utilize Zohary’s (1973) general vegetation 
zones as well as diagnostic anatomical features of the charcoal taxa. The anatomy is 
described according to three dissection planes, TS (Transverse Section), RLS (Radial 
Longitudinal Section), and TLS (Tangential Longitudinal Section) with reference to 
Schweingruber’s atlas (1990).  The taxa are broadly grouped into forest taxa, orchard and 
fruit taxa, maquis taxa, garigue taxa, desert taxa, and riparian and other taxa.  It should be 
noted that maquis and garigue are degraded portions of the landscape created from over 
utilization and extensive anthropogenic alteration. 
 Types of charcoal can be divided into two main categories based on the types of 
plants that produced the wood: gymnosperms (softwoods) and angiosperms, or woody 
dicots (hardwoods) (Jane 1970).  In this flora there are two main types of gymnosperm 
wood: conifer wood and that of Ephedra, a gnetophyte.  Conifer wood is generally more 
homogenous and made up mostly of tracheids and simple rays.  It can have resin canals, 
and the individual tracheids have circular bordered pits on the radial walls.  Two families 
of conifers are represented: the pines, Pinaceae, by the genus Pinus, and the 
juniper/redwood family Cupressaceae, by wood referable to cf. Juniperus (juniper). 
Ephedra, which is a gnetophyte, is a unique genus of gymnosperm wood that contains 
vessels.  The xylem is essentially softwood that is mostly composed of tracheids with 
   57 
numerous small and usually solitary vessels.  The vessels have foraminate perforation 
plates (Jane 1970).   
The most abundant category of wood however, is the hardwood dicots (flowering 
plants or angiosperms). In contrast to gymnosperms, dicotyledonous wood typically has a 
more heterogeneous mix of cell types including vessel elements of many sizes and 
various arrangements of parenchyma.  It is mostly composed of fibers, and the vascular 
bundles in the stem are arranged in concentric circles.  Dicots increase their diameter by 
secondary growth of wood and bark which make the “rings” visible in most instances.  
Additionally, the ray structure of this wood can be very complex.  A wide variety of 
dicotyledonous wood families are described below after the descriptions of gymnosperm 
wood. 
Family: Pinaceae; Pinus L. (cf. halepensis/brutia) 
Pinus the genus for pines includes conifer trees that most commonly grow in the 
hill and mountain regions of the eastern Mediterranean Basin.  The widest distribution is 
found in Turkey, but stands are found in Cyprus, Lebanon, Israel and Jordan.  Charcoal 
from this genus was found at the archaeological sites of Politiko-Troullia, Cyprus and 
Tell Abu en-Ni‘aj, Jordan.  The common diagnostic anatomy is as follows: Pinus is a 
very homogenous wood made up of tracheids that tend to be more square in the 
transverse section. TS: Growth ring boundaries are distinct and the early to latewood 
transition is gradual to abrupt.  Resin canals are present.  RLS:  Tracheids have circular 
bordered pits and rays are usually uni-seriate.  Rays are heterocellular, that is, they have 
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typical ray cells but can also have ray tracheids.  TLS:  The average height of rays is 10 
cells.  Resin canals are often present in the rays (figure 4.1). 
    
    
Figure 4.1 SEM photographs of Pinus. Clockwise from top left: Transverse section showing latewood 
transition; transverse section showing resin canal in latewood; tangential section showing uniseriate rays; 
radial section showing bordered pits   
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Family: Cupressaceae; cf. Juniperus L. 
Juniperus includes species of vessel-less shrubs and trees that are distributed 
broadly throughout the eastern Mediterranean Basin.  Charcoal from this genus was 
found at Politiko-Troullia, Cyprus and Tell el-Hayyat, Jordan. The diagnostic anatomy is 
as follows, TS: The growth ring boundaries are distinct and there is a gradual transition 
from early to latewood.  Parenchyma is often solitary or in tangential bands.  RLS:  
Tracheid pits are uni-seriate and the rays are homocellular.   TLS:  The average height of 
the rays is two to five cells, rarely more.     
Family: Ephedraceae; cf. Ephedra 
Ephedraceae is a family of gnetophytes common to the Mediterranean Basin.  
They are shrubs that can be found in a range of habitats including desert, steppe, maquis, 
garigue and batha.  The most likely genus present is Ephedra that can be found on 
Cyprus and much of the eastern Mediterranean including the Jordan Valley and the Dead 
Sea area.  Zohary’s (1973) groupings include Ephedra in the Mediterranean and Saharo-
Arabian flora zones.  Charcoal from Ephedra was found at the archaeological site of Tell 
el-Hayyat.  The diagnostic anatomy is as follows, TS: Ephedra is diffuse to semi-ring 
porous, and the pores are solitary.  Growth ring boundaries are distinct, but are often 
discontinuous.   RLS:  Rays appear heterogeneous with rows of procumbent, square and 
upright cells. Ray cells are uniformly composed of parenchyma.  Perforation plates are 
foraminate. TLS:  Rays are bi- to five seriate, and the ray cells are highly variable in 
form. 
 
   60 
Family: Fagaceae; Quercus L. 
Quercus is a genus of oak trees and shrubs distributed throughout the 
Mediterranean Basin.  Some species are found in the forest and maquis regions at higher 
elevations (Q. infectoria).  Other species (Q. calliprinos) are trees and shrubs found in 
lower elevation forest and maquis areas.  An endemic species, Q. alnifolia grows in 
Cyprus.  Oak charcoal was found at the archaeological sites of Politiko-Troullia, Cyprus 
and Tell el-Hayyat and Tell Abu en-Ni‘aj, Jordan. The diagnostic anatomy is as follows, 
TS:  Quercus is ring porous with distinct growth ring boundaries.   Tyloses in earlywood 
vessels of the heartwood are sparse.  It often has apotracheal parenchyma which is diffuse 
or in uni-seriate tangential bands.   The rays are broad and are easily visible.  RLS:  The 
rays are homogenous and uni-seriate.  Perforation plates are simple.  TLS:  Rays are uni-
seriate to multi-seriate.   Multi-seriate rays are often one mm to five mm wide (figures 
4.2a and 4.2b).   
   
Figure 4.2a SEM photographs of Quercus. L to R: Transverse section showing parenchyma; tangential 
section showing vessel pits 
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Figure 4.2b SEM photographs of Quercus. L to R: Transverse section showing ring porosity; tangential 
section showing rays 
Family: Salicaceae; cf. Populus L. and cf. Salix L. 
Populus and Salix are two genera of deciduous trees that grow throughout the 
Mediterranean (among other areas) along river banks and springs.  They are found 
commonly in the Jordan Valley and the Dead Sea area.  According to Zohary’s (1973) 
vegetation zones, Populus and Salix are most notably found in in the eastern 
Mediterranean Irano-Turanian and Saharo-Arabian regions.  These two genera are very 
difficult to distinguish on the basis of anatomy.  Charcoal from Salicaceae was found at 
the archaeological sites of Tell el-Hayyat and Tell Abu en-Ni‘aj, Jordan.  The diagnostic 
anatomy is as follows, TS: These genera are diffuse to semi-ring porous.  The pores are 
solitary, grouped or in short radial files.  Growth ring boundaries can vary from distinct 
to indistinct.  The parenchyma are sparse and apotracheal.   RLS:  The rays are usually 
homogenous, but rarely can have square, marginal cells.  Ray-vessel pits are large and 
simple.  The perforation plates are simple as well.  TLS:  The rays are uni-seriate and 
average about 10 to 15 cells high. 
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Family: Oleaceae; Olea europaea L. 
 Olea europaea L. is the common olive species that is distributed broadly 
throughout the Mediterranean Basin.  It is an evergreen tree or shrub that has been found 
archaeologically since very early periods (Fahn et al. 1986).  It is cultivated commonly in 
orchards for its fruit and olive oil.  Charcoal from olive was found at Politiko-Troullia, 
Cyprus and Tell el-Hayyat and Tell Abu en-Ni‘aj in Jordan.  The diagnostic anatomy is 
as follows, TS:  O. europaea L. is diffuse porous, and the pores are generally arranged in 
short radial multiples of two to four.  The pores are often thick-walled, and the growth 
ring boundaries are often indistinct.  The parenchyma is mostly paratracheal.  RLS:  Rays 
are heterogeneous with one to three square and upright marginal cells.  Vessel pits are 
numerous.  TLS:  Rays are usually bi- to tri-seriate and up to 12 cells high.  Marginal 
cells are tall and elongated while the middle cells are small and round (figures 4.3a and 
4.3b). 
   
Figure 4.3a SEM photographs of Olea europaea. L to R: Transverse section showing diffuse porosity; 
transverse section of pores in short radial bands 
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Figure 4.3b SEM photographs of Olea europaea. L to R: Radial section showing marginal ray cells; 
tangential section showing heterogeneous, bi-seriate rays 
Family: Moraceae; Ficus carica L. 
Ficus carica L. is a deciduous fruit tree commonly called the fig tree.  It is found 
throughout Mediterranean climates as well as Irano-Turanian locations.  It is also 
cultivated in a wide range of locations for its fruits.  Fig wood charcoal was found at Tell 
el-Hayyat, Zahrat adh-Dhra‘1, and Tell Abu en-Ni‘aj, Jordan.  The diagnostic anatomy is 
as follows, TS:  F. carica L. is diffuse porous, however the pores tend to be infrequent 
but often large.  The pores are often solitary or in short radial multiples.  Tyloses may be 
present occasionally.  The growth ring boundaries are often indistinct.  Parenchyma 
usually form in tangential bands.  RLS:  Rays are heterogeneous with one to two square 
and upright marginal cells.  The perforation plates are simple.  TLS:  Rays are generally 
three to four seriate with a height of up to 30 cells.  Rays are spindle shaped.   
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Family: Punicaceae; Punica granatum L. 
Punica granatum L. is a tall shrub or small deciduous tree commonly known as 
pomegranate.  It is located throughout the Mediterranean often because of cultivation; it 
is probably native to Asia Minor (Fahn et al. 1986).  Charcoal from pomegranate was 
found at Politiko-Troullia, Cyprus and Zahrat adh-Dhra‘1 and Tell Abu en-Ni‘aj, Jordan.  
The diagnostic anatomy is as follows, TS:  P. granatum L. is diffuse porous with pores 
that are solitary or in short radial files.  Pores tend to be thick-walled, and the growth ring 
boundaries are often indistinct.  The parenchyma are paratracheal and are scanty to 
almost absent.  RLS:  The rays have numerous rows of square and upright cells and a few 
rows of procumbent cells.  TLS:  The rays are uni- to bi-seriate with a height of up to 20 
cells (figure 4.4). 
   
Figure 4.4. SEM photographs of Punica. L to R: Transverse section showing thick-walled pores with 
tyloses; tangential section showing uni-seriate rays   
 
   65 
Family: Vitaceae; Vitis vinifera L. 
 Vitis vinifera L. is a deciduous climber commonly called a grape vine.  It is 
cultivated for its fruits and secondary products throughout the Mediterranean, but it is 
probably native to Southeast Europe and West India (Fahn et al. 1986).  Charcoal from 
grape was found at Tell el-Hayyat, Zahrat adh-Dhra‘1, and Tell Abu en-Ni‘aj, Jordan. 
The diagnostic anatomy is as follows, TS:  Grape is ring porous.  The earlywood pores 
tend to be solitary and large while the latewood pores are in radial files or small groups.  
Tyloses are quite frequent.  Parenchyma is paratracheal and the rays are quite thick.  
RLS:  Rays can be homogenous to heterogeneous.  TLS:  Rays are five to 20 seriate and 
are usually more than 2 mm high.  Inter-vessel pits are scalariform and the vessel 
members and vascular tracheids may have spiral thickenings (figure 4.5). 
   
Figure 4.5. SEM photographs of Vitis vinifera. L to R: Transverse section showing large pores; longitudinal 
section showing vessel pits and spiral thickenings  
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Family: Rosaceae cf. Prunus 
Prunus is a genus of often small, deciduous trees located in the eastern 
Mediterranean.  It is commonly located in maquis regions and is regularly cultivated for 
its fruits (almond/apricot/cherry in certain locations).  Charcoal from Prunus was found 
at Politiko-Troullia, Cyprus and Zahrat adh-Dhra‘1 and Tell Abu en-Ni‘aj, Jordan.  The 
diagnostic anatomy is as follows, TS:  Prunus is diffuse porous, and the pores are in long 
radial or oblique groups or files.  Apotracheal parenchyma usually form in tangential 
bands.  Growth ring boundaries are indistinct.  RLS:  The rays are heterogeneous with 
two to three rows of square to upright marginal cells. Perforation plates are simple and 
spiral thickenings are common.  TLS:  The rays are usually four to six seriate.   
Family: Ericaceae; Arbutus cf. andrachne L. 
Arbutus andrachne L. is commonly called Greek strawberry tree.  It is an 
evergreen distributed throughout the eastern Mediterranean Basin.  Greek strawberry tree 
is found in forest and maquis locations and grows well on marly soils (Fahn et al. 1986).  
Charcoal from this taxon was found at the archaeological site Tell Abu en-Ni‘aj, Jordan.  
The diagnostic anatomy is as follows, TS: A. andrachne L. is diffuse to semi-ring porous, 
and the pores can be angular to round.  They may be solitary or in short radial files or 
groups.  The growth ring boundaries are distinct.  Parenchyma are sparse and may be 
apotracheal, diffuse or paratracheal in formation.  RLS:  Rays are heterogeneous, 
however they may be rarely homogenous.  The innermost cells of the rays are 
procumbent with one to two rows of square or upright marginal cells.  The perforation 
plates are simple, but they are sometimes scalariform in small vessels.  Spiral thickenings 
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are quite conspicuous.  TLS:  Rays are usually bi- to three seriate (rarely uni- or four 
seriate), with an average height five to 20 cells.  They tend to be short and spindle 
shaped.   
Family: Rubiaceae; cf. Rubia peregrina L. 
Rubia peregrina L. are herbaceous perennial plants that are dispersed throughout 
the Mediterranean as part of scrub and maquis vegetation.  They grow well in dry, stony 
soils. It is most commonly found in the northern portions of the Mediterranean, so it is 
identified cautiously.  Nonetheless, charcoal comparing well to Rubia peregrina L. was 
found at the archaeological sites of Tell el-Hayyat and Tell Abu en-Ni‘aj, Jordan.  The 
diagnostic anatomy is as follows, TS:  This species is diffuse porous with indistinct 
growth rings.  The tissue is very loosely arranged and the pores are solitary.  Rays are not 
visible.  RLS:  The rays are composed of indistinct upright cells.  Perforation plates are 
simple.  TLS:  Rays uni-seriate and are usually one to three cells high.   
Family: Anacardiaceae; cf. Rhus L. or cf. Pistacia L. and cf. Cotinus Scop. 
There are many genera of Anacardiaceae, including Pistacia, Rhus (sumac) and 
Cotinus, and many species of each genus.  For Pistacia, though the species cannot be 
distinguished, a few select species include P. lentiscus L., P. palaestina, P. terebinthus L.  
Pistacia, which are distributed throughout the Mediterranean as evergreen and deciduous 
trees and shrubs found most commonly in coastal areas and hill and mountain areas.  
They are usually located in maquis and garigue regions.   
For Rhus, the likely species is R. coriaria L., which is commonly called Sicilian 
sumac, a deciduous tree or shrub that tends to favor neglected areas near villages in the 
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eastern Mediterranean (Fahn et al. 1986).  It is found infrequently in maquis locations.  
The most common species of Cotinus is C. coggygria, which is commonly called wig 
tree.  It is a tree or shrub that is mostly dispersed throughout the northern portions of the 
Mediterranean and some of the more mountainous areas of the eastern Mediterranean. 
Charcoal from this family was found in the archaeological villages of Jordan, Tell el-
Hayyat, Zahrat adh-Dhra‘1, and Tell Abu en-Ni‘aj.   
The diagnostic anatomy for Pistacia and Rhus is as follows, TS:  Anacardiaceae is 
mostly ring porous, and the size of earlywood pores is highly variable.  Latewood pores 
are usually arranged in radial files and clusters though they are sometimes dendritic.   
Tyloses are conspicuous and very common.  The parenchyma are sparse, but they are 
paratracheal when present.  RLS:  Rays are heterogeneous, usually with one row of 
square or upright marginal cells.   Finally, with the exception of large earlywood vessels, 
spiral thickenings are conspicuous.  TLS:  Rays are mostly bi- to three seriate and are up 
to 25 cells high.  Resin canals are often present in the rays (this is part of the anatomy that 
allows for discerning different members of the Anacardiaceae family).   
The diagnostic anatomy of Cotinus is as follows, TS: This genus is ring porous.  
Latewood pores generally form in long, radial and oblique files.  They occasionally form 
in small clusters.  Tyloses are often present in heartwood.  Fibers are thick-walled and the 
parenchyma are paratracheal.   RLS:  Rays are heterogeneous with procumbent cells and 
one to three rows of square and upright marginal cells.  Vessel-ray pits are small, and the 
vessels and tracheids usually have spiral thickenings.  Cotinus has simple perforation 
plates.  TLS:  Rays are uni- to bi-seriate and sometimes three seriate.  Uni-seriate rays are 
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from five to 10 cells high, while the multi-seriate rays are up to 30 cells high (see figure 
4.6).   
   
   
Figure 4.6 SEM photographs of Pistacia.  Clockwise from top left: Transverse section showing ring 
porosity; transverse section showing tyloses; tangential section showing resin canals in rays; tangential 
section showing bi- to tri-seriate rays 
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Family: Fabaceae; Ceratonia siliqua L. 
Ceratonia siliqua L. is an evergreen tree commonly called carob bean that is 
distributed throughout the Mediterranean basin where it grows well in low-altitude 
maquis regions.  Charcoal from this genus was found at the archaeological sites in 
Jordan, Tell el-Hayyat, Zahrat adh-Dhra‘1 and Tell Abu en-Ni‘aj.  The diagnostic 
anatomy is as follows, TS:  C. siliqua L. is diffuse to semi-ring porous.  The pores are 
fairly large in groups or short radial files.  Large pore parenchyma are present and tend to 
be scattered and in apotracheal formation of marginal bands.  Parenchyma may also be 
vasicentric to aliform.  RLS:  Rays can be homogenous to heterogeneous.   
Heterogeneous rays have marginal cells that are square to upright.  Vessel pits are small 
and abundant, and can occasionally be slit-like.  Perforation plates are simple.  TLS:  
Rays usually are three to four seriate, and occasionally may be uni- to bi-seriate.   
   
Figure 4.7. SEM photographs of Fabaceae cf. Ceratonia. L to R:  Transverse section showing vasicentric 
and diffuse parenchyma as well as thick-walled fibers; tangential section showing 3- to 4-seriate, mostly 
homogenous rays 
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Family: Rosaceae; Crataegus L. 
Crataegus is a deciduous tree or thorny shrub throughout Mediterranean and 
Irano-Turanian locations.  It is commonly found in maquis and steppe vegetation areas.  
The common names for many species of Crataegus are medlar and hawthorn.  Charcoal 
from Crataegus was found at the archaeological of Politiko-Troullia, Cyprus and Zahrat 
adh-Dhra‘1 and Tell Abu en-Ni‘aj, Jordan.  The diagnostic anatomy is as follows, TS:  
Crataegus is diffuse to slightly semi-ring porous and the pores mostly solitary and fairly 
small.  Growth ring boundaries are distinct.  The parenchyma are apotracheal and are 
diffuse or in short tangential bands.  RLS:  Rays are homogenous or with one row of 
square marginal cells, however most of the ray cells are round to oval.  Perforation plates 
are simple, and the tail of vessels may occasionally present spiral thickenings.  TLS:  
Rays are generally bi- to three seriate, sometimes four seriate, and are usually five to 15 
cells high. 
Family: Fabaceae; Calicotome 
Calicotome is a very common legume shrub distributed throughout the 
Mediterranean commonly called thorny broom.  It is found in landscapes ranging from 
maquis to batha and garigue, and can be located in desert regions as well.  Charcoal from 
Calicotome was found at the archaeological sites of Tell el-Hayyat and Tell Abu en-
Ni‘aj, Jordan.  The anatomical structure is quite variable throughout the plant, but 
common features are as follows, TS:  Calicotome is usually semi-ring porous with 
distinct growth rings and obvious formations of net-like, dendritic vessel/parenchyma 
groups.   This genus can also have conspicuous spiral thickenings in vessels and vascular 
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tracheids.  RLS:  Perforation plates are simple.  The inter-vessel pits are quite varied 
ranging from vestured, alternate, opposite and diffuse.  TLS:  Parenchyma are storied.   
The rays tend to be very thick, usually more than five cells wide, and often more than 40 
cells high.   
Family: Myrtaceae; Myrtus L. 
The most likely species of Myrtus is M. communis L., which is commonly called 
myrtle.  It is an evergreen shrub that favors maquis and riparian areas (Fahn et al. 1986) 
and is quite common throughout the Mediterranean Basin.  Charcoal from Myrtus was 
found at the archaeological sites of Politiko-Troullia, Cyprus.  The diagnostic anatomy is 
as follows, TS: M. communis L. is diffuse porous, and the pores are solitary and densely 
packed.  Growth ring boundaries are distinguished with thick-walled fibers.  Paratracheal 
and apotracheal parenchyma are present.  RLS:  Rays are heterogeneous with many rows 
of square and upright marginal cells.  Uni-seriate rays are composed entirely of square 
and upright cells.  Ray-vessel pits are small and abundant, and the perforation plates are 
simple. There are often fine spiral thickenings in the vessels.  TLS:  Rays are uni- to three 
seriate.  Bi-seriate rays are rarely more than 20 cells high.  The central zone includes ray 
cells that are round, while the marginal cells are axially elongated. 
Family: Lamiaceae; cf. Phlomis L. 
Many species of Lamiaceae are distributed throughout the Mediterranean Basin.  
They are often shrub-like and grow well in compact soils.  They are found in maquis, 
garigue and batha vegetation zones.  Many are cultivated for their herbaceous qualities 
(sage, rosemary, thyme).  The genus most likely represented in these samples is Phlomis, 
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a type of sage.  Charcoal from this taxon was found at the archaeological site of Tell Abu 
en-Ni‘aj.  The diagnostic anatomy is as follows, TS:  Phlomis is semi-ring porous, and 
the pores are in distinct tangential and diagonal bands particularly in the latewood.  
Growth ring boundaries are often indistinct.  Parenchyma is paratracheal but sparse.  
RLS:  Perforation plates are simple.  Rays are heterogeneous with one to two rows of 
square to upright marginal cells.  Only upright cells are present in uni-seriate rays.  Spiral 
thickenings tend to occur only in narrow vessels.  TLS:  Rays are uni- to three seriate and 
are from eight to 15 cells high.   
Family: Ranunculaceae; Clematis L. 
Clematis is a genus of woody climbing plants whose species are distributed 
throughout the Mediterranean Basin.  The most likely species present here is C. cirrhosa 
L. or C. viticella L., however differences in the anatomy of these two species cannot be 
distinguished.  They can be found on the islands of the Mediterranean, as well as the 
northern and eastern portions of the mainland.  This genus is often located in the maquis 
areas of Zohary’s (1973) Mediterranean flora zone.  Charcoal from Clematis was found at 
the archaeological site of Tell Abu en-Ni‘aj, Jordan.  The diagnostic anatomy is as 
follows, TS:  Clematis is ring porous, but the earlywood pore ring is often discontinuous.  
Small pores are intermixed among large pores.  Rays are very wide and wedge shaped 
with frequent square-shaped cells.  Parenchyma are apotracheal and paratracheal, but 
they are scanty.  RLS:  Rays are heterogeneous, and are mostly composed of square cells.  
The perforation plates of this genus are simple.  Often the large vessels have fine, closely 
spaced spiral thickenings.  The vessel pits are slit-like.  TLS:  Rays are five to 20 seriate 
and the height is often over 1 cm.   
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Family: Rhamnaceae; Paliurus spina-christi Mill. 
Paliurus spina-christi, commonly called Christ’s thorn, is a very common 
deciduous tree or shrub that can be found throughout the Mediterranean Basin.  Ziziphus 
spina-christi is similar but refers to an evergreen tree with slightly different anatomy.  P. 
spina-christi is often found on alluvial soils and in maquis and batha zones.  It is also a 
component of Zohary’s (1973) Sudanian and Mediterranean vegetation zones.  Charcoal 
from Christ’s thorn was found at Politiko-Troullia, Cyprus and Tell el-Hayyat, Jordan.  
The diagnostic anatomy is as follows, TS:  This species is diffuse porous, and the pores 
are large and solitary or in radial files.  Fibers tend to be thick-walled.  Rays have large, 
square cells.  The parenchyma is vasicentric and in tangential bands.  RLS: Rays are 
homogenous to slightly heterogeneous and they are generally short with rectangular 
procumbent cells.  Heterogeneous rays are distinguished with one to two rows of square 
to upright marginal cells.  The perforation plates are simple, and there are numerous, 
small ray-vessel pits. TLS:  Rays are usually uni-seriate, but they are sometimes bi-
seriate and usually up to 25 cells high (figure 4.8).   
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Figure 4.8 SEM photographs of Paliurus spina-christi. Clockwise from top left: Transverse section 
showing diffuse porosity; radial section showing vessel pits; transverse section showing square ray cells; 
radial section showing homogenous rays;  
Family: Asteraceae L. 
Asteraceae is a very large family of plants that are distributed widely throughout 
the eastern Mediterranean islands and mainland region.  Varieties of Asteraceae include 
weeds, herbs, shrubs and vines.  Charcoal from this family was found at Tell el-Hayyat, 
Jordan.  The diagnostic anatomy is as follows, TS:  Asteraceae are commonly diffuse to 
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semi-ring porous.  Pores may be dispersed, solitary or in small groups, though rarely they 
may be in radial files.  Growth ring boundaries are fairly indistinct.  Parenchyma are 
paratracheal and vasicentric.  The rays are very broad in cross section.  RLS:  Rays are 
heterogeneous with one or more rows of upright cells.  Parenchyma and vessels are often 
storied.  Parenchyma often present with sieve-like pitting.   Perforation plates are simple.  
TLS:  Rays range from four to 20 seriate and the ray height is often over 1 mm.  Ray cells 
are large and angular.   
Family: Apocynaceae; Nerium oleander L. 
Nerium oleander L. is an evergreen shrub found throughout the Mediterranean 
most often on the banks of streams and lakes.  It also grows well in stony areas, 
particularly wadis and garigue environments.  It is commonly called oleander.  Charcoal 
from oleander was found at the archaeological site of Tell el-Hayyat, Jordan.  The 
diagnostic anatomy is as follows, TS:  Oleander is diffuse porous, and the pores are small 
and sparse, and can be solitary or in radial multiples.  Growth ring boundaries are 
indistinct, and the fibers are thin walled.  Parenchyma are apotracheal or sometimes 
scantily paratracheal.  Rays in cross section are indistinct.  RLS:  Perforation plates are 
simple.  Rays are heterogeneous with numerous rows of upright marginal cells.  There are 
no procumbent cells in uni-seriate rays.  Vessel ray pits are slightly enlarged.  TLS:  Rays 
are usually uni- to bi-seriate, occasionally three seriate, and are 10 to 15 cells high. 
Family: Cistaceae; Cistus L. 
Cistus L. is a dwarf-shrub found throughout the Mediterranean Basin.  It grows 
well on the sandy, clay, calcareous, sandstone and stony ground of batha, garigue and 
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devastated maquis regions (Fahn et al. 1986).  Charcoal of Cistus was found at the 
archeological site of Zahrat adh-Dhra‘1.  The diagnostic anatomy is as follows, TS: This 
genus is diffuse porous with pores that are small, frequent and usually solitary.  Fiber-
tracheids are thick-walled.   Parenchyma are sparse and diffuse in apotracheal formation.   
Growth ring boundaries are usually distinct.  RLS:  Rays are heterogeneous with 
numerous rows of upright marginal cells.  Uni-seriate rays are composed of upright cells 
only.  Vessels and fiber-tracheids usually present with spiral thickenings.  The perforation 
plates are simple.  TLS:  Rays are uni- to bi-seriate, and are up to 30 cells high.    
Family: Tamaricaceae; Tamarix L. 
Tamarix is an evergreen tree and shrub commonly called tamarisk, which is 
drought and saline tolerant.  It is found commonly in sandy dune and wadi desert 
locations, and occurs throughout the Dead Sea area and within Zohary’s (1973) Sudanian 
and Saharo-Arabian vegetation zones.  Charcoal from tamarisk was found at the 
archaeological sites in Jordan, Tell el-Hayyat, Zahrat adh-Dhra‘1, and Tell Abu en-Ni‘aj.  
The diagnostic anatomy is as follows, TS: It is ring to semi-ring porous and the pores are 
solitary or in small groups.  Fibers are thick-walled, and paratracheal parenchyma are 
present.  Parenchyma are vasicentric in large groups and in wide, tangential bands.   RLS:  
Rays are heterogeneous with one to two rows of square to upright marginal cells.  Ray-
vessel pits are small and numerous.  Perforation plates are simple.  TLS:  Rays are six to 
20 seriate and up to 2 mm high.  Parenchyma are storied (figure 4.9). 
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Figure 4.9. SEM photographs of Tamarix. Clockwise from top left: Transverse section showing thick-
walled fibers; tangential section showing 6- to 20-seriate rays; tangential section showing storied 
parenchyma; tangential section showing short vessels with small pits 
Family: Fabaceae; Acacia Mill. 
Acacia Mill. is a genus of tree or shrub that often favors the dry, sandy soils of 
wadis in hot, desert areas.  It is associated with the Sudanian region of Zohary’s (1973) 
vegetation zones and is often found in the Jordan Valley and the Dead Sea area.  
Charcoal from Acacia was found at the archaeological sites in Jordan, Tell el-Hayyat, 
Zahrat adh-Dhra‘1 and Tell Abu en-Ni‘aj, Jordan.  The diagnostic anatomy is as follows, 
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TS: This genus is diffuse porous, and the pores are solitary or in radial multiples or 
clusters.  Paratracheal parenchyma are abundant in long confluent bands.  Parenchyma 
may also be diffuse apotracheal.  RLS:  Spiral thickenings are occasionally present in 
narrow vessels.   Rays are composed of homogenous procumbent cells.  TLS:  Rays are 
uni- to six seriate.  Uni-seriate rays are typically two to 10 cells high.  Three to six seriate 
rays are often over 60 cells high. 
Family: Capparidaceae; Capparis L. 
The species of Capparis L. likely represented in this study is C. spinosa L., which 
is commonly called a caper bush.  It is a low shrub and thorny tree that is widely 
distributed in lowland and mountainous areas of the Mediterranean, including Cyprus.  In 
the eastern Mediterranean it is found in desert regions, mountainous regions and around 
the Dead Sea in the Jordan Valley.  Charcoal from Capparis was found in the 
archaeological sites of Tell el-Hayyat and Zahrat adh-Dhra‘1, Jordan.  The diagnostic 
anatomy is as follows, TS:  Growth rings are absent or indistinct, and the pores are large 
and frequently solitary or in groups.  Scanty paratracheal parenchyma is often present.  
RLS:  Perforation plates are simple, and rays are homogenous.  Vessels often are present 
with irregular, axial orientation.  TLS:  Rays tend to be four to seven seriate and up to 40 
cells high. Rays are spindle shaped (figure 4.10).     
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Figure 4.10. SEM photographs of Capparis. Clockwise from top left: Transverse section showing large 
pores in small groups; transverse section showing pore group; tangential section showing spindle-shaped 
ray; tangential section showing 4- to 7-seriate spindle-shaped rays 
Family: Malvaceae; cf. Hibiscus L. 
Hibiscus L. is a type of shrub common in locations ranging from the rocky wadis 
of the Jordan Valley to the milder Mediterranean climates on Cyprus.  Hibiscus is 
common throughout the Mediterranean, but the most likely species found here is H. 
syriacus L. which can be found in hot areas with mild winters.  Charcoal from this genus 
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was found at the archaeological site of Tell Abu en-Ni‘aj, Jordan.  The diagnostic 
anatomy is as follows, TS:  This genus is semi-ring porous to ring porous, and the 
parenchyma form in marginal bands.  RLS:  Spiral thickenings are distinct.  The rays are 
heterogeneous with one to four rows of upright marginal cells.  Pits in vessel walls and 
ray-vessel intersections are numerous and small.  Perforation plates are simple.  TLS:  
Rays are bi- to three seriate, and are occasionally uni- to four seriate.  The marginal cells 
in the rays are occasionally large.     
Family: Euphorbiaceae; Ricinus communis L. 
Ricinus communis L. is a shrub that thrives in the hotter parts of the Near East.  It 
is well suited for wadi beds and neglected lands around the Dead Sea.  The common 
name for R. communis L. is castor bean, from which castor oil can be harvested.  
According to Zohary’s (1973) vegetation groups, it is part of the Sudanian floral zone.  
Charcoal from this species was found at the archaeological site of Tell Abu en-Ni‘aj, 
Jordan.  The diagnostic anatomy is as follows, TS:  R. communis L. is diffuse porous, and 
the pores are large or in short radial files or groups.  Growth ring boundaries are often 
absent.  Parenchyma may be paratracheal, vasicentric and diffuse, and apotracheal.  Rays 
in cross section are indistinct.  RLS:  Rays are heterogeneous with procumbent to square 
inner cells, with one to three rows of upright marginal cells.  Ray-vessel pits simple, and 
may appear round to elongate.  Perforation plates are simple.  TLS:  Rays are uni-seriate 
to five seriate and are up to 30 cells high.     
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Family: Chenopodiaceae; Atriplex L. 
Atriplex is a genus of shrubs that grows well in saline, sandy soils, particularly 
wadi beds.  It is common around the Dead Sea area.  The most likely species of Atriplex 
is A. halimus L., which is commonly called orache.  Chenopods are a standard food for 
browsers, and charcoal from Atriplex was found at the archaeological site of Tell el-
Hayyat, Jordan.  The diagnostic anatomy is as follows, TS:  Atriplex presents wood with 
foraminate to concentric phloem.  The pores are arranged in radial multiples or clusters 
inside the phloem groups.  There are distinct vessels intergrading with very narrow 
vessels and vascular tracheids.  Phloem groups are distinct and are sometimes embedded 
in conjunctive parenchyma.  Rays are typically absent.  RLS:  Perforation plates are 
simple.  The ray-like structures are composed of upright to weakly procumbent cells.  
TLS:  Five to 10 seriate strips of ray-like tissue are present.  The parenchyma, vascular 
tracheids and vessel members are storied (see figure 4.11). 
   
Figure 4.11. SEM photographs of Chenopodiaceae cf. Atriplex. L to R: Transverse section showing  
wood with included phloem; longitudinal section showing an absence of rays 
 
   83 
Family: Zygophyllaceae; Fagonia  
Fagonia is a dwarf shrub that prefers the chalky and sandy soils of desert regions.  
It is saline tolerant and often found in wadis of the Judean Desert and the Jordan Valley.  
It is also found in Zohary’s (1973) Saharo-Arabian region of the mainland Levant.  
Charcoal from Fagonia was found at Tell Abu en-Ni‘aj, Jordan.  The diagnostic anatomy 
is as follows, TS:  This genus is diffuse porous, and the pores are generally solitary, 
thick-walled and widely spaced.  Growth ring boundaries are indistinct.  Parenchyma are 
apotracheal but sparse.   RLS:  Rays are heterogeneous with a few rows of square or 
upright marginal cells.  Uni-seriate rays are composed entirely of square and upright 
cells.  Perforation plates are simple.  TLS:  Rays are bi- to three seriate with round to 
angular cells.  The ray height averages 10 to 15 cells. 
Family: Lamiaceae; cf. Vitex agnus-castus L. 
Vitex agnus-castus L. is a species of shrub that is commonly called chaste tree.  It 
is dispersed throughout the northern and eastern portions of the Mediterranean Basin, 
particularly around banks and streams, as well as in dry wadi beds.  It can be found in the 
Jordan Valley and in the Dead Sea area.  Charcoal from this species was found at the 
archaeological site of Tell Abu en-Ni‘aj, Jordan.  The diagnostic anatomy is as follows, 
TS:  This species is ring to semi-ring porous, and the pores are usually in short radial 
groups.  Pore size transitions from early to latewood.  Paratracheal parenchyma are 
vasicentric and occasionally in discontinuous tangential bands.  RLS: Rays are 
heterogeneous with one to two rows of square to upright marginal cells.  Perforation 
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plates are simple, and ray-vessel pits are numerous and small.  TLS:  Rays are bi- to four 
seriate and may be up to 45 cells high.   
Family: Loranthaceae; Viscum L. 
Viscum L. is a genus of perennial plant that is considered parasitic.  It is typically 
found throughout the northern Mediterranean and Europe, but can be found on the eastern 
Mediterranean mainland as well.  Its common name is mistletoe, and it has been found in 
many parts of Israel including the Sea of Galilee and the Judean Mountains.  It is most 
commonly parasitic on Olea, but can be found on Rhamnus, Crataegus, Rubus and Citrus 
(Fahn et al. 1986) and in many locations on Quercus.  Charcoal from this genus was 
found at the archaeological sites of Politiko-Troullia, Cyprus and Zahrat adh-Dhra‘1, 
Jordan.  The diagnostic anatomy is as follows, TS: Viscum is diffuse porous; however the 
pores are hard to distinguish from axial and ray parenchyma because they are similar in 
size and shape.  Growth ring boundaries and rays are indistinct in cross section.  Fibers 
are thick-walled and form in rather tangential bands.  RLS:  Rays are composed of only 
upright cells, but the ray cells are scarcely different from axial parenchyma cells in size 
and form.  Vessels present with slit-like pits.  Perforation plates are simple.  TLS:  Rays 
are uni- to three seriate, and the ray cells are oval shaped and oriented axially.  Rays are 
often indistinct from the vessels.  Parenchyma is occasionally storied together with vessel 
members (see figure 4.12).   
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Figure 4.12. SEM photographs of Viscum L. L to R: Transverser section showing similarly-sized pores and 
parenchyma, diffuse porous; tangential section showing three-seriate, oval ray cells 
Family: Solanaceae; Solanum cf. nigrum L. 
Solanum L. is a genus of mostly perennial herbs that tend to be found throughout 
the northern Mediterranean Basin and Europe.  Varieties of Solanum are found 
throughout the Near East (i.e. S. cornutum, S. elaeagnifolium) however caution is applied 
when identifying Solanum cf. nigrum in the eastern Mediterranean because typically it is 
not associated with this region.  Nonetheless, charcoal with anatomy comparable to 
Solanum cf. nigrum was found at the archeological site of Tell Abu en-Ni‘aj, Jordan.  The 
diagnostic anatomy is as follows, TS:  This genus is ring to semi-ring porous.  Growth 
ring boundaries are distinct and are occasionally discontinuous.  Parenchyma are 
apotracheal but sparse.   RLS:  Rays are heterogeneous with numerous rows of square 
and upright marginal cells.  Uni-seriate rays are composed entirely of upright cells.  
Perforation plates are simple and, spiral thickenings are obvious.   TLS:  Rays are uni- to 
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four seriate.  Multi-seriate rays average 10 to 20 cells high, and the uni-seriate cells 
appear axially rectangular. 
 Some samples from each village could not be identified, most commonly due to 
poor preservation of diagnostic anatomy and sometimes due to destruction of anatomical 
features during sample preparation.   
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Chapter 5 
SPATIAL TREE COVER ANALYSES  
 
Archaeological Charcoal 
Wilkinson (2003) uses the term taphonomy to refer to the processes that act upon 
a material (e.g. wood, plants) which can aid in the destruction or preservation of that 
material. These processes (both natural and cultural) (Théry-Parisot et al. 2010) 
ultimately may cause material remains to be preserved and maintained in the fossil 
record.  Carbonization and charring is the primary taphonomic process by which woody 
plants can become preserved (Figueiral 1999).  The resulting fossil proxy is charcoal, 
which is created by the incomplete combustion of organic matter through fire (Whitlock 
and Larsen 2001).  Fire does not guarantee organic preservation through charring 
however, because preservation depends on fire temperatures, length of exposure, amount 
of oxygen, and the moisture content and chemical composition of the vegetation burned 
(Smart and Hoffman 1988). Wood may combust completely, leaving only ash or not 
combust at all.  Based upon the intensity of the fire, these taphonomic processes may 
ensure that the charcoal is preserved in the fossilized record.  However, when botanical 
material is charred, the delicate portions of the vegetation (leaves, flowers, fruits) are 
usually completely combusted during the fire, eliminating them completely from the 
archaeological record.  The organic remains that are typically well preserved are the 
lignified portions of the vegetation (i.e. seed coats and woody components) (Smart and 
Hoffman 1988).  Large trees are the greatest source of fuel and create immense quantities 
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of charcoal. Thus it is the most abundant charred substance found at archaeological sites 
(Smart and Hoffman 1988). 
However, the ability of the environment to preserve charcoal is a common issue 
affecting abundances of the fuel waste.  The fuel waste may not be well preserved in the 
sedimentary environment due to bioturbation and mineral precipitates that alter their 
structure (this is often the case in locations with an abundance of limestone).  
Additionally, if the landscape is subjected to continual freezing and thawing, charcoal 
may break down more.  Further taphonomic problems come from human manipulation of 
charcoal.  Scott and Damblon (2010) reveal that trampling by people in an archaeological 
site and the use of trowels when collecting samples may affect size analysis because it is 
often crushed in the process.  The odds of preservation increase however when there is a 
protective barrier over the charcoal that prevents bioturbation and precipitates (Asouti 
and Austin 2005).  When charcoal is believed to be well preserved it is considered to be a 
reliable indicator of fuel wood selections and proportions of burned taxa (Asouti and 
Austin 2005).   
Fossil charcoal found at archaeological sites provides indications of past human 
social activity and localized interaction with the environment (Asouti and Austin 2005).  
It also reflects human decisions regarding which wood types are brought into a site for a 
specific purpose (i.e. building a structure, fuel) (Smart and Hoffman 1988). However, it 
must be mentioned that some charcoal found in archaeological sites may come from 
unintentional burning as a result of a catastrophic event (Miller and Smart 1984).  When 
catastrophic events are ruled out, charcoal that indicates fuel use can be found in a range 
of archaeological settings (Vernet 1997).  Fuel waste arises particularly from hearths and 
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trash deposits (Asouti and Austin 2005) because it originates most commonly from fuel 
consumption for domestic or economic purposes.   
Previous studies use charcoal analyses to assess a variety of archaeological issues 
including climatic shifts, vegetation changes and timber imports.  For example, Asouti 
(2003) uses identification of charcoal (dating to the Bronze Age) from stratified layers in 
Santorini, Greece to assess land cover as well as wood imported from elsewhere.  High 
quality wood such as cedar, when found at archaeological sites far from cedar stands, 
provides evidence of trade items and trade routes throughout the Mediterranean (Lev-
Yadun et al. 1996). Marguerie and Hunot (2007) use charcoal to discuss domestic 
practices deduced from archaeological sites pertaining to fuel selection and the catchment 
area from which the fuel wood was gathered.  Further, charcoal provides a great proxy 
for reconstruction of local landscapes, assessing potential anthropogenic exploitation and 
ecosystem analyses (Asouti and Austin 2005; Asouti and Hather 2001; Figueiral and 
Mosbrugger 2000; Willcox 2002a; Willcox 1974).   
Most charcoal studies, including those mentioned here, use one or both of the 
following methods for taxonomic identification.  A common method to expose 
microscopic anatomy is the use of scanning electron microscopy (SEM) (Asouti and 
Griffiths 2003; Asouti 2003; Willcox 2002; Lev-Yadun et al. 1996) which is the method 
used in this study.   I identify wood taxa based upon anatomy exposed using SEM 
photographs.  Wood anatomy is discussed in detail in chapter 4 of this dissertation.  It 
should also be mentioned that reflected light microscopy is also popular because it is less 
time intensive and much less costly (Sadori et al. 2008).  However, the charcoal pieces 
used in this study were too small to be identified using this method. 
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Interpretation of archaeological charcoal data often depends upon availability of 
additional evidence related to environmental inference or fuel use (faunal remains, 
pottery production, metallurgy).  Charcoal when clearly used for fuel helps to recognize 
local woodlands present at a location as well as man-made activities such as iron smelting 
and pottery firing (Scott and Damblon 2010).   Also, consideration must be paid to the 
context from which the charcoal was taken, and variables that influence its preservation 
(Asouti and Austin 2005).  The process by which charcoal was created may be indicated 
by its location in a site (from cultural mechanisms, fuel wood, economic needs).  When 
charcoal is recovered from within an archaeological site, it is assumed to be a 
representation of human decision making, as well as a representation of local vegetation 
at that time.  My goal is to elucidate changes in forest and landscape cover that are direct 
or indirect results of human activities.  
Objective 2 
This chapter is a spatial and temporal analysis of developmental trajectories from 
villages on Cyprus (Politiko-Troullia) and the mainland Levant (Tell el-Hayyat, Zahrat 
adh-Dhra‘1 and Tell Abu en-Niʻaj, Jordan) by assessing changes in fuel types and 
abundances as well as diversity found at each site.  Because the time span of these 
villages occupations may reveal trends of human-land interactions (i.e. agriculture, 
orchard trimmings, natural woodland utilization), the macrobotanical evidence from these 
sites is used to track the course of these changes (Johannessen 1988).   
Hypothesis 1:  Politiko-Troullia will likely have a consistent presence of natural 
woodland species throughout its occupation potentially due to later intensification of 
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humans on the landscape.  This is in comparison to the mainland sites which will likely 
present more cultivated orchard species because 1) the sites have been occupied and 
settled for a longer time and 2) the landscape is more deforested due to the villages 
dedication to agriculture (most notably Tell el-Hayyat and Tell Abu en-Ni‘aj). 
Hypothesis 2: The spatial distribution of the four archaeological sites (which are 
situated in different environmental settings) will likely lead to differences in wood 
species diversity.  The island site (Politiko-Troullia) will likely present less species 
diversity than the mainland sites due to insularity and isolation hindering influx of new 
species.  
Analytical Methods: Identification of woody taxa within the charcoal assemblages 
at the archaeological sites is used to reveal broad patterning in the plant remains that 
relate to shifts in human-plant interactions over time and space.  As stated in chapter 2, 
the flotation method proposed by Johannessen (1988) and Miller (1997, 2010) was used 
to extract heavy and light fractions from areas within the site(s) that appeared to be rich 
in macrobotanical remains.  When possible, a minimum of 30 charcoal samples per phase 
from each site was examined using an SEM.   
Of particular importance are the processing, identification and quantification of 
charcoal.  Every charcoal sample was sorted into categories of family and genus (species 
when possible) and counted.  The focus here is on charcoal (not alternative sources) from 
these samples because the aim is to identify human influences on the local woodland 
vegetation around these villages.  Thus, SEM based identification of tree genera/species 
from 15 to 30 charcoal samples was performed per phase at each site.  These provide a 
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general trend of land cover change by reflecting fuel usage and tree selection through 
time and over space. The SEM identifications of the charcoal were categorized in broad 
vegetation groupings (see table 5.1) and displayed in graph form as a percentage of the 
overall frequency of the genera per phase.  This line of analysis illustrates potential shifts 
through time and variability over space in fuel selection and availability (Asouti and 
Austin 2005).  
It is important to remember when identifying wood charcoal that the criteria used 
for identifying non-charred wood are not the same as those use for identifying charred 
wood.  The process of burning organic matter often destroys important anatomical 
structures that one might use in order to identify wood to a species level (Miller 2010).  
Because burning causes shrinkage of anatomical features as well as color changes, 
identification to the species level can be difficult, unless one makes inferences based on 
geographic location of the specimens (Miller 2010).   Because of these limitations, the 
charcoal in this dissertation is determined to the family level, and to the genus or species 
level when possible.  Three planes of analyses, transverse, tangential and radial, were 
examined for specific diagnostic anatomical structures on all charcoal pieces. These were 
used in accordance with identification keys and reference material specifically for 
Mediterranean wood types (Fahn et al. 1986, Schweingruber 1990; Akkemik and Yaman 
2012) to determine the identification of the charcoal.  Charcoal identification is presented 
as pie charts and Tilia diagrams of genus abundances throughout the occupations at each 
site.   
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Table 5.1 Vegetation groupings of specific landscape zones throughout the eastern Mediterranean 
Forest Pinus, Juniperus, Quercus,  
Orchard and fruit trees Olea europaea, Ficus carica, Punica granatum, Vitis vinifera, Prunus, 
Ceratonia siliqua 
Maquis 
 
Arbutus, Rubia, Anacardiaceae Rhus/Pistacia/Cotinus, Crataegus, Calicotome, 
Myrtus, Phlomis, Clematis, Paliurus spina-christi, Ephedra, Asteraceae 
Garigue and batha Nerium oleander, Cistus  
Desert Tamarix, Acacia, Capparis, cf. Hibiscus, Ricinus communis, Chenopodiaceae, 
Zygophyllaceae, Paliurus spina-christi (also found in desert locales) 
 
Riparian and other Vitex agnus-castus (riparian) , Viscum (parasitic- found on orchard types), 
Populus and Salix (riparian), Solanaceae (cf. nigrum unusual to area)  
Results  
 I describe land use and land cover over time and space based on the presence of 
trees and shrubs as inferred from their inclusion in the archaeobotanical record.  I discuss 
and compare the land cover surrounding all of these villages throughout their 
occupations.  Of particular interest are spatial and/or temporal differences of identified 
tree varieties and diversity at the villages.   
All sites: The overall charcoal findings from all sites reveal interesting spatial 
differences.  Politiko-Troullia has two dominant taxa that account for approximately 75% 
of all of the taxa found (see figure 5.1).  The largest proportion of charcoal (50%) came 
from the forest genus Pinus.  The most likely species of Pinus are P. halepensis or P. 
brutia, which cannot be distinguished anatomically.  The second most common taxon is 
Olea europaea, the common olive tree, at approximately 28%.  Politiko-Troullia 
presented small percentages of other forest genera, Cupressus (cypress) and Quercus 
(oak).  There are also genera from another fruit tree (Punica granatum or pomegranate) 
and a variety of maquis vegetation (Crataegus, Myrtus, and Paliurus spina-christi), 
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though in very small amounts.  Interestingly, there is evidence of Viscum cruciatum, 
otherwise known as mistletoe, which is a parasitic plant commonly found on olive and 
oak. 
 
Figure 5.1 Overall percentages of taxa found at Politiko-Troullia 
 
Tell el-Hayyat produced the greatest amount of charcoal from genera in the desert 
vegetative zone.  The most abundant taxa are Tamarix and Chenopodiaceae, both of 
which are desert dwellers (Capparis is also present from the desert zone, though in a very 
small percentage) (see figure 5.2).  Tell el-Hayyat does present a very wide variety of 
taxa from all vegetation zones, though each of these taxa comprises less than 5% of the 
overall charcoal sample abundance.  From the forest zone Cupressus, Quercus, and 
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Salicaceae are present.  Fruit and orchard species include Olea europaea, Ficus carica 
and Vitis vinifera.  There are seven taxa from the maquis and garigue zones, which 
include Rubia, Anacardiaceae, Ceratonia siliqua, Paliurus spina-christi, Ephedra, 
Asteraceae and Nerium oleander.  There are also monocots or grasses present in the 
charred assemblage as well. 
 
Figure 5.2 Overall percentages of taxa found at Tell el-Hayyat 
 
Zahrat adh-Dhra‘1 is similar to Tell el-Hayyat since charcoal taxa from the desert 
zone are most abundant at both sites (see figure 5.3).  The most abundant genus is 
Tamarix at just less than 40% of the overall sample occurrence.  Next in abundance are 
two other desert dwellers, Acacia and Capparis at about 20% and 5% respectively.  
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Further, Zahrat adh-Dhra‘1 presents a large quantity of charcoal from fruit and orchard 
species.  Together, Olea europaea, Ficus carica and Vitis vinifera comprise 
approximately 25% of the overall sample abundance.  There are also small amounts of 
charcoal from maquis and garigue genera, including Anacardiaceae, Crataegus, and 
Cistus.  Interestingly, the parasitic Viscum is present as well, likely on the fruit trees. 
 
Figure 5.3 Overall percentages of taxa found at Zahrat adh-Dhra‘1 
 
 Tell Abu en-Ni‘aj presents the greatest taxonomic variety of the four sites in this 
study (see figure 5.4).  The majority of charcoal comes from the fruit and orchard group, 
including Olea europaea, Ficus carica, Punica granatum, Vitis vinifera, and Prunus, 
which comprise approximately 35% combined.  Another notable taxon is Tamarix from 
the desert zone at about 10% of the overall total. All of the vegetation zones presented in 
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table 5.2, as well as monocots which were represented in very small percentages (often 
just one to two samples) at Tell Abu en-Ni‘aj. 
 
Figure 5.4 Overall percentages of taxa found at Tell Abu en-Ni‘aj 
Phase by phase results: Politiko-Troullia reveals what appears to be a rather static 
landscape.  Throughout the phases of this village, Pinus and Olea europaea persist and 
are the most dominant species (see table 5.2 and figure 5.5).    Interestingly, as Pinus 
declines through time, Olea europaea increases.  Small numbers of maquis genera appear 
consistently throughout the phases (Crataegus, Myrtus communis, Paliurus spina-
christi), although they are not present in phase 1.   Viscum cruciatum also appears during 
the first 3 phases of occupation, probably as a parasite on Olea europaea.  Forest genera 
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Quercus and Cupressus are present in small numbers throughout the occupation of 
Politiko-Troullia.  Pinus appears to be the most preferred forest taxon. 
Table 5.2 Archaeological charcoal taxa found at Politiko-Troullia 
 
Phase 5/4 Phase 3 Phase 2 Phase 1 Total 
Pinaceae Pinus 9 9 38 18 74 
Cupressaceae Cupressus 0 2 2 2 6 
Fagaceae Quercus 1 0 0 2 3 
Oleaceae Olea europaea 13 10 8 6 37 
Punicaceae Punica granatum 0 0 0 2 2 
Loranthaceae Viscum cruciatum 2 2 0 0 4 
Rosaceae Crataegus 0 0 1 0 1 
Myrtaceae Myrtus communis 1 2 0 0 3 
Paliurus spina-christi 0 2 0 0 2 
Total 26 27 49 30 132 
 
Figure 5.5 Percentage of charcoal taxa found by phase at Politiko-Troullia 
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Tell el-Hayyat has two very dominant taxa, Tamarix and Chenopodiaceae, which 
appear fairly consistently throughout the village’s occupation (see table 5.3 and figure 
5.6).  Among other notable results, fruit trees appear in the middle through the end of Tell 
el-Hayyat’s existence (phases 3, 2 and 1), including Olea europaea, Ficus carica, and 
Vitis vinifera.  There is a variety of maquis and garigue species throughout its occupation 
as well.  Finally, it is important to note that there are forest species that appear very 
briefly at the beginning of the occupation but are not seen again until the last phase 
(though in very small numbers).  Tell el-Hayyat also has grasses included in the 
carbonized botanical assemblage listed simply as monocot (table 5.3). 
Figure 5.6 Percentage of charcoal taxa found by phase at Tell el-Hayyat 
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Table 5.3 Archaeological charcoal taxa found at Tell el-Hayyat 
 
Phase 5 Phase 4 Phase 3 Phase 2/1 Total 
Cupressaceae Cupressus 2 0 0 0 2 
Fagaceae Quercus 1 0 0 1 2 
Salicaceae Populus 0 0 0 1 1 
Oleaceae Olea europaea 0 0 6 0 6 
Moraceae Ficus carica 1 0 0 2 3 
Vitaceae Vitis vinifera 1 0 2 0 3 
Fabaceae Ceratonia siliqua 0 1 0 0 1 
Rubiaceae Rubia 1 1 0 0 2 
Anacardiaceae Rhus or Pistacia 1 1 0 0 2 
Rhamnaceae Paliurus spina-christi 0 0 1 3 4 
Ephedraceae 0 0 0 2 2 
Asteraceae 0 1 1 4 6 
Apocynaceae Nerium oleander 0 1 0 0 1 
Tamaricaceae Tamarix 16 5 2 4 27 
Capparidaceae Capparis 0 1 0 0 1 
Chenopodiaceae Atriplex 1 11 5 4 21 
Monocot 0 4 0 0 4 
Total 24 26 17 21 88 
 
Zahrat adh-Dhra‘1 presents fairly consistent charcoal taxa throughout its two 
phases (see table 5.4 and figure 5.7).  Fruit and orchard trees (Ficus carica, Punica 
granatum, and Vitis vinifera) are common, along with the desert taxa.  Tamarix is the 
most prevalent desert variety, along with Acacia and Capparis spinosa (though Capparis 
is present only in very small numbers); all are desert dwellers.  Not surprisingly, Viscum, 
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a parasitic plant, is common most likely in association with fruit trees.  There are also 
small numbers of the anthropogenic maquis and garigue genera (Pistacia, Crataegus, and 
Cistus), which appear in the last phase of occupation.   
Table 5.4 Archaeological charcoal taxa found at Zahrat adh-Dhra‘1 
 
Phase 2 Phase 1 Total 
Moraceae Ficus carica 5 0 5 
Punicaceae Punica granatum 3 1 4 
Vitaceae Vitis vinifera 3 2 5 
Loranthaceae Viscum 2 0 2 
Anacardiaceae Pistacia 0 1 1 
Rosaceae Crataegus 0 3 3 
Cistaceae Cistus 0 1 1 
Tamaricaceae Tamarix 11 11 22 
Fabaceae Acacia 4 7 11 
Capparidaceae Capparis spinosa 1 2 3 
Total 29 28 57 
 
 
Figure 5.7 Percentage of charcoal taxa found by phase at Zahrat adh-Dhra‘1 
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Tell Abu en-Ni‘aj had the greatest variety of taxa (see table 5.5 and figure 5.8). The 
greatest abundance of charcoal comes from orchard trees, which persist throughout its 
occupation.  Olea europaea appears in the beginning of the village’s existence, then fig 
(Ficus carica) appears to dominate phases 5, 3, 2 and 1.   Vitis vinifera has a consistent 
presence throughout the phases, as does Prunus.  Again, the taxa suited for arid 
environments are quite dominant here.   
Table 5.5 Archaeological charcoal taxa found at Tell Abu en-Ni‘aj 
 
Phase 7 Phase 6 Phase 5 Phase 4 Phase 3 Phase 2/1 Total 
Pinaceae Pinus 0 0 0 0 1 0 1 
Fagaceae Quercus 0 1 3 0 0 0 4 
Salicaceae cf. Populus 0 0 1 0 0 1 2 
Oleaceae Olea europaea 8 3 0 0 0 0 11 
Moraceae Ficus carica 0 1 5 0 18 4 28 
Punica granatum              0         0 0 4 0 1 5 
Vitaceae Vitis vinifera 1 2 3 5 1 0 12 
Rosaceae Prunus 2 6 1 0 1 1 11 
Ericaceae Arbutus 1 1 0 0 0 0 2 
Rubia peregrine 0 0 0 0 1 0 1 
Anacardiaceae Cotinus 1 0 0 0 0 0 1 
Fabaceae Calicotome 0 0 0 0 0 1 1 
Clematis viticella            0 0 1 0 0 0 1 
Tamaricaceae Tamarix 4 4 2 7 0 0 17 
Fabaceae Acacia 0 0 0 0 0 1 1 
Hibiscus syriacus            0 0 0 1 0 0 1 
Ricinus communis 1 0 0 0 0 3 4 
Zygophyllaceae Fagonia 0 0 2 0 0 0 2 
Vitex agnus castus 1 0 0 3 6 0 10 
Solanaceae Solanum           0 0 0 0 0 5 5 
Monocot 2 0 2 0 0 5 9 
Total 21 18 20 20 28 22 129 
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Desert genera are the second most dominant group that appears consistently 
throughout Tell Abu en-Ni‘aj’s occupation.  Notably, however, Tamarix is quite 
abundant during the beginning of the site’s occupation (phases 7, 6, 5 and 4), but does not 
appear during phases 3, 2 and 1.   Vitex agnus-castus, a riparian species, also appears 
during the beginning (phase 7) and middle (phases 4 and 3) of the site’s existence.  
Figure 5.8 Percentage of charcoal taxa found by phase at Tell Abu en-Ni‘aj 
Discussion 
 
In order to understand Bronze Age human-environmental interactions, we must 
first understand the setting on which the economy of villages like Politiko-Troullia 
thrived.  By being positioned at the interface of the Mesaoria Plain and the Troodos 
Mountain foothills, the settlement had access to spacious farmlands as well as 
economically important minerals, most notably copper from the Troodos foothills 
(Falconer and Fall 2013).  Metallurgical evidence reveals that copper smelting was 
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clearly part of the village’s economy, as illuminated by copper tongs and a carved 
limestone mold used for casting tools that were both found at the site (along with a 
multitude of copper slags) (Falconer and Fall 2013).  Copper smelting is a very fire 
intensive activity, and local woodlands or woody vegetation would have been harvested 
to accommodate these activities. 
Assessment of archaeobotanical remains reveals an interesting course of 
landscape modification through the use of a relatively standard assemblage of 
Mediterranean trees and shrubs as reflected in the archaeological charcoal inclusions. 
Among Mediterranean vegetation, pine, oak, olive, pistachio, fig and carob (Fall 2012) 
are dominant, along with taxa from maquis and garigue environments.  Upon analyzing 
and organizing the taxa recovered from Politiko-Troullia, pine is clearly the dominant 
woodland selection, and at no point throughout its occupation does pine appear to have 
waned in frequency.  The prevalence of this taxon, along with olive, points clearly to 
sustained woodland cover around the site.  This is corroborated by faunal evidence 
indicating an abundance of browsers (e.g., Mesopotamian fallow deer, domesticated 
goat), which would have relied on trees for food (Falconer and Fall 2013). 
Pine (particularly Pinus brutia) is indigenous to Cyprus and forms extensive 
forests in the Troodos Mountains (0-1400 m), and other ranges and coastal locations 
(Tsintides et al. 2002).  Olive is native to the island and grows wild in many locations 
typically ranging from 0-1000 m. The sustained prevalence of pine and olive surrounding 
the village points to very little land cover disturbance by the occupants of this site. It 
appears as though there was no need for alternative sources of fuel at this site, in stark 
contrast to the sites on the mainland.          
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Tell el-Hayyat, Jordan is interesting because it provides a vantage point from 
which to assess cultural and environmental interactions during a period of re-urbanization 
in the southern Levant (Falconer and Fall 2006).  The economy at this village was largely 
dedicated to production and exchange of secondary products with the surrounding urban 
centers.  Evidence of expansion of orchard and vineyard cultivation attests to this.  The 
most common genus found in the charcoal assemblage is Tamarix, which is a fast-
growing tree that is tolerant of saline soils and can be propagated easily by cuttings.  It is 
found throughout the Jordan Rift (Fahn et al. 1986) and could have been gathered easily 
from around the site.  The variety of orchard and vineyard genera, along with the lack of 
forest species (cypress and oak) and riparian species (poplar) provides a particularly 
interesting result.  Given the economic connection to urban centers, incentive was placed 
on production of marketable commodities most notably through orchard cultivation.  
Although some studies suggest large tracts of oak and pistachio woodlands persisted 
throughout this area during re-urbanization (Gophna et al. 1986), these types are found 
only in small numbers in the charcoal assemblage. Orchard taxa are far more dominant, 
suggesting that trimmings from the pervasive orchard tracts were being utilized as fuel 
(perhaps because natural vegetation was cleared to make way for orchard cultivation) 
(Miller 1985).  Orchard crops (primarily olive, fig, and grape) are prized for their 
secondary products (olive oil, wine, dried fruits), which can be stored or transported to 
markets.  The abundance and variety of cultivated orchard species at Tell el-Hayyat 
reflects the villagers’ economic decisions and accompanying anthropogenic 
modifications to the landscape (as does the lack of major forest types).  Further, the use 
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of naturally occurring Tamarix attests to its rapid growth rate and accessibility around the 
settlement.       
Zahrat adh-Dhra‘1 was situated in an agriculturally marginal environment during 
the re-urbanization of the Middle Bronze.  The site is located near the southeast shores of 
the Dead Sea amid very arid conditions (50-100 mm mean annual precipitation), well 
removed from larger towns and their influences for the production of marketable 
secondary products.  Thus, economic decisions here were governed by local 
environmental and economic factors.  The notable absence of olive (a good indicator of 
crop production for markets) (Zohary 1982) attests to this assertion. The prominent 
orchard crops found at the site are distinctly suited to arid environments (particularly 
grape and fig), as are the dominant charcoal remains, which come from natural desert 
scrub (tamarisk, acacia, caper).   Further, these common types (orchard and desert taxa) 
seem to persist throughout the occupation of the site indicating minimal anthropogenic 
environmental influence.  
Table 5.6 Mean site by site seed: charcoal ratios 
 
Tell Abu en-
Ni‘aj 
Politiko-
Troullia 
Tell el-
Hayyat 
Zahrat adh-
Dhra‘1 
 
N=52 N= 110 N=60 N= 39 
seed:charcoal (#:g) 3583.03 28.32 31.45 17.47 
Kruskal-Wallis P-values indicate a significant difference between Tell Abu en-Ni‘aj and the other sites.  
See Appendix I. 
 
Tell Abu en-Ni‘aj is situated near to Tell el-Hayyat, but was occupied during the 
urban collapse of the Early Bronze Age IV.  This village is a rural agricultural 
community likely dependent solely upon rain for cultivation.  Given the large seed: 
charcoal ratio (see table 5.2), Tell Abu en-Ni‘aj was likely relying on alternative sources 
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of fuel due to over-utilized or diminished natural tree stands.  The most interesting groups 
of taxa found here are orchard genera as well as desert vegetation, and the presence of 
olive makes this assemblage similar to that of Tell el-Hayyat.  The presence of fruit taxa 
indicate orchard cultivation was a significant component of their subsistence strategy, and 
the fact that the occupants are using orchard trimmings as fuel points again to a potential 
lack of natural local woodlands.   Interestingly, olive is only present during the beginning 
of the occupation and clearly declines toward the end, while grape tends to persist 
throughout the first five phases of occupation.  This suggests the climate may have been 
relatively hot and dry, which played a role in the decision to cultivate grape over olive. 
Previous studies suggest that this area of the Jordan Rift was situated near forests of 
poplar and tamarisk, while the hilly regions contained carob, pine, pistachio and olive.  
Interestingly, only small numbers of the natural forest types (oak and poplar) are present, 
particularly at the beginning of the occupation.  Of all of the villages, however, Tell Abu 
en-Ni‘aj presents the widest variety of taxa in the charcoal assemblage, and again 
tamarisk is quite common given its affinity for dry, saline environments and its quick 
growth rate.  There are a variety of anthropogenic varieties belonging to maquis and 
garigue environments as well; however they are found in very small numbers and are 
only present at the beginning and end of the village’s existence.   
Conclusions 
Botanical remains from Politiko-Troullia, Cyprus reveal a prevalence of pine 
charcoal, likely reflecting the prevalence of woodland surrounding the area during the 
Bronze Age.  This stands in stark contrast to the evidence from mainland villages, which 
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shows depleted wood sources and greater reliance on fruit and orchard tree trimmings, 
scrub from maquis and garigue vegetation, and animal waste for fuel, potentially due to 
woodland over-utilization.    
Politiko-Troullia shows an abundance of charcoal from forest vegetation, while the 
mainland sites reveal abundances of charcoal from orchard trimmings from 
anthropogenically created landscapes, as well as from desert taxa.  There is much less 
evidence of natural forest genera at the mainland sites. Tell Abu en-Ni‘aj is particularly 
interesting because of the prevalence of grape charcoal over olive, potentially indicating a 
much drier climate.  This may reflect conditions similar to those at Zahrat adh-Dhra‘1 
where olive is not found at all (grape and fig are present); again likely due to the naturally 
dry climate that defines that area.  Tell el-Hayyat presents few natural woodland remains 
but does have a prevalence of olive (as well as many other orchard taxa), alluding to 
climatic amelioration during its existence, while still pointing to possible over-utilization 
of the natural woodlands given the conspicuous absence of forest taxa.  Politiko-Troullia, 
Cyprus, however, is starkly different from the other villages in the greater representation 
of natural forest genera in the charcoal assemblage. 
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Chapter 6 
CLIMATIC INFLUENCE ON LAND COVER 
Eastern Mediterranean Holocene  
Reconstructions of the past climate of the Mediterranean region, particularly 
during the Holocene, stem from a wide variety of sources and proxies.  Among them are 
isotope analyses from speleothems (Bar-Matthews et al. 1999; Bar-Matthews and Ayalon 
2011; Fleitmann and Matter 2009; Frisia et al. 2006), lake and sea level analyses (Arz et 
al. 2003; Robinson et al. 2006), ice cores (Alley 2000) and pollen sequences (Peyron et 
al. 2010; Horowitz 1989; Swoveland 2010; Eastwood et al. 2007).   
These studies often associate climate changes with cultural shifts, but commonly 
the resolution of these records is insufficient for detailed temporal and spatial analyses 
[although Bar-Matthews and Ayalon (2011) provide high-resolution speleothem climate 
data for the mid to late Holocene]. When compared to earlier portions of the Quaternary, 
the Holocene climate (roughly the last 10,000 years) is typified by rather small climatic 
shifts of debatable duration, with most studies agreeing there was a general shift from a 
wetter period in the early Holocene to drier conditions in the later Holocene (Peyrone et 
al. 2010).  Hydrologic (winter rainfall) variability in parts of the Mediterranean is 
arguably the most important factor influencing social responses (Frisia et al. 2006), and 
some of the most notable events of the Holocene are the climate oscillations that occurred 
at 8.2 kya, 5.2 kya and 4.2 kya; all defined as relatively short but intense dry periods 
(Peyrone et al. 2010; Staubwasser and Weiss 2006).   
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A number of studies recognize that these events coincide with cultural changes 
(Bar-Matthews and Ayalon 2011; Parker et al. 2006; Parker 2009; Frisia et al. 2006; 
Bryson and Padoch 1980; Possehl 1997), and among the most recognized shifts are the 
5.2 kya and 4.2 kya dry events that coincide with the collapse of urbanized settlement 
systems (Uruk urbanism ~5.2k BP and the Akkadian state ~4.2k BP) in Mesopotamia.  
The 4.2 kya event may coincide with the Early Bronze IV period and be a contributing 
factor to the urban abandonment at that time in the Southern Levant (Bar-Matthews and 
Ayalon 2011).  This period is marked by a cultural shift from largely sedentary, town-
based agrarian society to largely non-sedentary pastoral society with a limited number of 
villages. Some studies suggest these arid climatic conditions were witnessed well beyond 
the Eastern Mediterranean, as suggested by cultural responses in the Indus Valley, 
Pakistan and Northwest India (Staubwasser and Weiss 2006). 
Cultural responses to climatic changes, in the form of increased aridity or 
wetness, often involve shifts in agricultural decision-making.  Radically reduced 
precipitation, a critical component of cereal cultivation, is reflected in the 
archaeobotanical record as reduced agro-production for sites in West Asia (Staubwasser 
and Weiss 2006).  It has been estimated that in Palestine, the general area of interest for 
this study, the rainfall during the 4.2 kya event was reduced by 20% to 30% (Bar-
Matthews et al. 1997; Staubwasser and Weiss 2006).  Following the close of the 4.2 kya 
event the region was reurbanized during the Middle Bronze Age with localized increases 
in agricultural production and range of cultigens (Riehl 2009). 
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Archaeobotanical Interpretations 
Miller (1997) points out that climate fluctuations in the Eastern Mediterranean are 
difficult to isolate based on botanical proxies because humans exerted such dramatic 
environmental influences at this time.  Human impacts took the form of both increased 
population size (and thus increased agricultural consumption/production) and new 
economic developments that were wood and fire intensive (Miller 1998). The 
archaeobotanical record often reveals shifts in crop choices according to precipitation 
clines (Fall et al. 2002)  in which greater barley cultivation is associated with drier 
climatic conditions, while greater wheat cultivation is possible during wetter periods.  
Similarly, preference for olive vs. grape cultivation often reflects climate-based decision-
making, with olive providing a cultigen preferable in wetter climates and grape in drier 
times.    
Objective 3  
In order to infer climatic impacts on ancient agrarian environments and decision-
making, I provide a strategic comparison of evidence from Tell Abu en-Ni‘aj (Early 
Bronze IV) to Tell el-Hayyat (Middle Bronze IIA-IIC) for two reasons; 1: the villages 
occupied the same habitat in the fertile lowlands of the northern Jordan Valley 
(approximately 1.5 km apart); and 2: although they were inhabited as components of 
different social structures (Early Bronze IV urban collapse vs. Middle Bronze urban 
resurgence), as similarly sized agrarian villages, their rural agricultural regimes should 
have been similar unless influenced by differing climatic conditions. Thus, this chapter 
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will analyze paleobotanical evidence from Tell Abu en-Niʻaj and Tell el-Hayyat for 
indications of climate change on the agrarian landscape of the Southern Levant. 
Working Hypothesis: The variable climate that existed during the Bronze Age 
(from hot/dry in the Early Bronze Age to warm/wet in the Middle Bronze Age) was the 
dominant driver of changes in land cover and land use between these villages. 
Analytical Methods:  Botanical remains were extracted using a nonrandom 
strategy following Johannessen’s (1988) and Miller’s (1997, 2010) flotation method from 
areas within the sites that were rich in macrobotanical evidence. Each sample was 
carefully collected in a plastic bag and floated using a mechanized flotation (Float Tech 
2000) or manual flotation machine.  These methods are discussed in detail in chapter 2 of 
this dissertation.  In order to analyze climate as a potential driver of environmental 
change, wheat, barley, olive and grape densities were calculated per phase and for the site 
as a whole at both sites in order to standardize the floral data coming from different 
sample volumes.  Additionally, relative seed frequencies for these four economic plant 
taxa were calculated per phase and for the sites as a whole in order to assess the 
importance of one taxon relative to another (e.g. wheat relative to barley and olive 
relative to grape) (Miller 1988).   Further, two specific ratios of wheat (#): barley (#) and 
olive (#): grape (#) (calculated per phase and overall for each site) were used to 
investigate the possible role of climate change between the Early and Middle Bronze 
Ages. The excavation of Tell el-Hayyat (1982, 1983 and 1985) yielded 61 total samples, 
with a total 318 liters of sediment floated (for an average of 5.2 liters of sediment per 
sample).  From excavations at Tell Abu en- Ni‘aj (1985, 1996 and 2000) 115 samples 
were floated, totaling 543.9 liters of sediment (for an average of 4.7 liters of sediment per 
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sample) (see table 6.1).  Botanical analyses as described above were performed in the 
field laboratory at Deir Alla, Jordan and were supervised by Dr. Patricia Fall (see 
Falconer and Fall 2007; Falconer et al. 2005; Fall et al. 2002, 2004, 2008; Klinge and Fall 
2010). Sources for seed identifications and counts from Tell Abu en-Ni‘aj and Tell el-
Hayyat include Lines (1995) and unpublished data from Fall et al. (1998) and Falconer et 
al. (2004). 
Table 6.1. Sample data for Tell Abu en-Ni‘aj and Tell el-Hayyat, Jordan 
 Number of samples Total volume of sediment (liters) Average liters per sample 
Tell Abu en-Ni‘aj 115 543.9 4.7 
Tell el-Hayyat 61 318 5.2 
 
This chapter utilizes botanical data from Fall et al. (1998) and Falconer et al. 
(2004). Density ratios provide a means to standardize floral data that come from samples 
with a wide variation in sediment volume.  Densities for wheat, barley, olive and grape 
are graphed over a time span from EB IV (Tell Abu en-Ni‘aj) to Middle Bronze II (Tell 
el-Hayyat) to assess the possibility of a climatic shift from drier conditions in Early 
Bronze IV to wetter conditions in the Middle Bronze Age.  Since barley is able to tolerate 
drought and soil salinity far better than wheat (Zohary and Hopf 1988), high frequencies 
of barley seeds relative to wheat seeds are often interpreted as an indicator of dry 
climates.  Similarly, this approach can be applied to seed frequencies of olive and grape. 
Ratios of wheat to barley, wheat (#): barley (#), allowed for the analysis of 
climate based on trends regarding agricultural strategies of shifting cultigens through 
time at each location.  Ratios of olive to grape, olive (#): grape (#), were calculated in the 
same manner as described above.  An abundance of grape seeds as opposed to olive 
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stones often indicates drier climates, while the opposite is seen as an indicator of wetter 
periods (Fall et al. 1998; 2002). Rates of agricultural change (alternating between wheat 
and barley or between olive and grape) through time over the critical Early 
Bronze/Middle Bronze transition are compared through charts and tables showing trends 
through time at each location.   
Results 
Table 6.2.  Specific seed counts by phase at Tell Abu en-Ni‘aj and Tell el-Hayyat. *One anomalous sample 
was not included in phase 7 of Tell Abu en-Ni‘aj (C.107.501) 
                       Tell Abu en-Ni‘aj 
   
Tell el-Hayyat 
 Phases 7 6 5 4 3 2 1 5 4 3 2 & 1 
N= 8* 9 25 20 23 24 6 16 15 15 15 
Liters 35.5 13.3 117.1 91.7 163.4 80.8 42.1 92 80 68 78 
Orchard 405 87 1140 142 119 171 36 181 89 101 94 
Olive 0 0 0 17 7 0 1 9 56 7 2 
Grape 7 7 10 26 7 3 1 2 4 7 1 
Fig 398 80 1130 99 105 168 34 170 29 87 91 
Pistachio 0 0 0 0 0 0 0 0 0 0 0 
Cereal 2551 1308 5503 2636 665 447 133 285 123 318 205 
Wheat 149 30 297 117 60 63 17 71 17 89 57 
Barley 634 220 1216 602 182 222 68 139 74 51 72 
Oat 7 1 12 28 78 14 28 35 19 85 47 
Rye 26 2 11 5 67 0 17 40 13 91 29 
Und. Cer 1735 1055 3967 1884 278 148 3 0 0 2 0 
Legumes 32 4 18 38 51 54 12 71 28 22 34 
Legume 3 3 6 19 11 13 2 44 8 8 21 
Lentil 0 0 7 6 36 33 10 17 18 8 10 
Garden Pea 29 1 5 13 4 8 0 10 2 6 3 
Wild 1959 775 2658 563 1120 266 121 99 32 129 415 
Wild grass 414 245 633 112 99 140 89 11 1 53 39 
Wild leg. 51 18 279 117 19 55 5 65 21 28 87 
Wild other 930 101 858 135 969 61 26 23 9 47 289 
Wild no ID 564 411 888 199 33 10 1 0 1 1 0 
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Density Ratios: When examined through time, both the wheat and barley density 
ratios (see figures 6.1 and 6.2) indicate a decreasing trend through the end of Tell Abu 
en-Ni‘aj phase 3 with the height of wheat and barley frequencies occurring at the 
beginning of Tell Abu en-Ni‘aj’s occupancy in the Early Bronze Age IV.  The end of Tell 
Abu en-Ni‘aj’s occupation and the beginning of Tell el-Hayyat’s occupation sees similar 
frequencies in both wheat and barley seeds with a slight increase in wheat frequency at 
the end of Tell el-Hayyat’s occupancy.  When analyzing olive and grape (see figures 6.3 
and 6.4), olive shows an increasing trend through time.  Olive is seen in much greater 
frequencies throughout Tell el-Hayyat’s existence, with only a small frequency occurring 
prior to Tell Abu en-Ni‘aj Phase 4.  Interestingly, grape shows the opposite trend, with 
the greatest frequencies occurring in the early and middle phases of Tell Abu en-Ni‘aj’s 
occupation. Grape shows a decreasing trend through time with consistently low 
frequency levels throughout Tell el-Hayyat’s existence. 
 
Figure 6.1 Density ratio of number of charred wheat seeds per liter of sediment through time at Tell Abu 
en-Ni‘aj and Tell el-Hayyat. *Note: different y-axis values are used to show trends more clearly (compare 
to barley seeds/liter per phase). 
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Figure 6.2 Density ratio of number of charred barley seeds per liter of sediment through time at Tell Abu 
en-Ni‘aj and Tell el-Hayyat 
 
Figure 6.3 Density ratio of number of charred olive stones per liter of sediment through time at Tell Abu 
en-Ni‘aj and Tell el-Hayyat 
 
Figure 6.4 Density ratio of number of charred grape pips per liter of sediment through time at Tell Abu en-
Ni‘aj and Tell el-Hayyat 
0.0
5.0
10.0
15.0
20.0
Ni'aj 7 Ni'aj 6 Ni'aj 5 Ni'aj 4 Ni'aj 3 Ni'aj 2 Ni'aj 1 Hayyat
5
Hayyat
4
Hayyat
3
Hayyat
2 & 1
Barley 
seeds/liter per phase 
barley
0.0
0.2
0.4
0.6
0.8
Ni'aj 7 Ni'aj 6 Ni'aj 5 Ni'aj 4 Ni'aj 3 Ni'aj 2 Ni'aj 1 Hayyat
5
Hayyat
4
Hayyat
3
Hayyat
2 & 1
Olive 
seeds/liter per phase 
olive
0.0
0.2
0.4
0.6
0.8
Ni'aj 7 Ni'aj 6 Ni'aj 5 Ni'aj 4 Ni'aj 3 Ni'aj 2 Ni'aj 1 Hayyat
5
Hayyat
4
Hayyat
3
Hayyat
2 & 1
Grape 
seeds/liter per phase 
grape
   117 
Table 6.3. Seed densities (number seeds per liter sediment) 
 Tell Abu en-Ni‘aj Tell el-Hayyat 
Olive 46.02 202.72 
Grape 112.28 38.88 
Wheat 1349.16 649.82 
Barley 5418.74 933.07 
Olive to grape: Chi-square: 122.314, df=1, p<0.0001 
Wheat to barley: Chi-square: 314.221, df=1, p<0.0001 
 
 Chi-square analyses performed for the seed densities tested olive to grape 
densities along with wheat to barley densities.  These specific pairings were tested in 
order to analyze climate because they often fluctuate inversely, with wheat and olive 
grown in wetter times while barley and grape cultivated in drier times.  The test revealed 
statistical significance for both wheat to barley densities (p-value<0.0001) and olive to 
grape densities (p-value<0.0001) (see table 6.3) between the sites.  These p-values permit 
rejection of the null hypothesis that there is no difference between densities at Tell Abu 
en-Ni‘aj and Tell el-Hayyat. 
Wheat and barley counts as percentages: Wheat seed percentages (figure 6.5) are 
consistently smaller than barley seed percentages (figure 6.6) through time from the 
beginning of Tell Abu en-Ni‘aj’s occupation in Early Bronze IV through the end of Tell 
el-Hayyat’s occupation in the Middle Bronze.  Interestingly, there is a small but 
noticeable increasing trend in the wheat count percentage through time, reaching its peak 
at the end of Tell el-Hayyat’s MB occupation.  Barley count percentages on the other 
hand rise throughout Tell Abu en-Ni‘aj’s occupation while decreasing noticeably during 
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Tell el-Hayyat’s occupation; coinciding with the same point at which the wheat 
percentages increase. 
 
Figure 6.5 Wheat seed counts as a percentage of the overall domesticate cereal count through time; Early 
Bronze IV (Tell Abu en-Ni‘aj) to Middle Bronze (Tell el-Hayyat) 
 
 
Figure 6.6.  Barley seed counts as a percentage of the total domesticate seed count through time; Early 
Bronze IV (Tell Abu en-Ni‘aj) to Middle Bronze (Tell el-Hayyat) 
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greater abundances of barley are used as indicators of drier climates.  Similarly, smaller 
ratios of olive to grape can be used as indicators of climate as well because grape is more 
drought tolerant than olive, thus, small olive to grape ratios would suggest drier climates 
as well.  Tell Abu en-Niʻaj has distinctly smaller and relatively constant ratios of wheat: 
barley and olive: grape throughout the phases when compared to Tell el-Hayyat (see 
figures 6.7 and 6.8 phases 7-1).   During Tell el-Hayyat’s existence there is an increase in 
the ratio of wheat to barley particularly during phases 5 and 4.  The ratio of olive to grape 
shows to its greatest value during Tell el-Hayyat’s phase 3, then declines in the combined 
phases 2 and 1, but it is still noticeably greater than in any phase at Tell Abu en-Ni‘aj’s 
(see figures 6.7 and 6.8 phases 5-1).  The appearance of these ratios would indicate 
greater cultivation of drought tolerant barley and grape at Tell Abu en-Ni‘aj and greater 
cultivation of water intensive crops (wheat and olive) at Tell el-Hayyat.   
 
Figure 6.7 Ratio of wheat to barley through time; Early Bronze IV (Tell Abu en-Ni‘aj) to Middle Bronze 
(Tell el-Hayyat) 
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Figure 6.8 Ratio of olive to grape through time; Early Bronze IV (Tell Abu en-Ni‘aj) to Middle Bronze 
(Tell el-Hayyat) 
Trends through time Tell Abu en-Ni‘aj and Tell el-Hayyat: At Tell Abu en-Ni‘aj 
both the wheat and barley percentages increase through the phases of its occupation (see 
figure 6.5 and 6.6 phases 7-1), though barley percentages are consistently higher than 
those of wheat. At Tell el-Hayyat wheat begins to increase, while barley begins to 
decrease (see figure 6.5 and 6.6 phases 5-1). Wheat is more frequent than barley during 
Tell el-Hayyat Phase 3 for the first time during any phase of occupation for the entire 
time span.  After this, during combined-phases two and one, the trend reverses and barley 
again has a greater proportion.  Further, density ratios of olive and grape are interesting 
(see figure 6.3 and 6.4) because it appears there is a definite shift in cultivation from 
grape during Tell Abu en-Ni‘aj’s existence to olive during Tell el-Hayyat’s existence.  
Finally, the wheat to barley ratios (figure 6.7) indicate a trend toward more wheat and 
less barley production through time.  This is particularly noticeable at the end of Tell Abu 
en- Ni‘aj’s existence and the beginning of Tell el-Hayyat’s occupation.  A similar trend 
can be seen through time in the olive to grape ratios (figure 6.8).  There is a trend toward 
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greater olive production through time, which is particularly noticeable during Tell el-
Hayyat’s occupation. 
Discussion  
Lower wheat: barley and olive: grape ratios may indicate that climate was a 
substantial impetus for crop choice decisions during the Early Bronze Age, possibly 
corroborating interpretations of drying climatic conditions (Issar 2003). Wheat and barley 
proportions through time also suggest climatic amelioration from EB IV to MB as well.  
Density ratios reveal that Tell Abu en-Ni‘aj consistently has greater density ratios of 
wheat, barley and grape throughout its occupancy relative to Tell el-Hayyat.  This may 
indicate greater cultivation of crops for subsistence given the absence of towns and 
market economies during the time in which Tell Abu en-Ni‘aj existed. Further, the 
presence of towns during Tell el-Hayyat’s occupation could also be part of the 
explanation as to why there is a trend toward more wheat production and less barley 
production when compared to Tell Abu en-Ni‘aj’s.  However, that could be explained via 
climatic amelioration as well, since wheat is often grown in wetter climates.   
While this study did not specify the variety of cultivated taxa present (i.e. the 
different species of wheat or barley), it is important to note that certain varieties of wheat 
are often associated with regional trade while barley is often used for animal fodder 
(Zohary and Hopf 1988).  Additionally, there is a climatic variable influencing the 
decision to cultivate barley over wheat.  Because barley can tolerate saline soils and 
requires less water, it is often cultivated in drier climates (Stager 1985).  Further, orchard 
crops such as olive and grape have a high market value, but they are limited in their range 
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of production.  Grapes are often grown in locations where water is limited because a large 
quantity can be grown in a small area, whereas cultivating olive requires a much larger 
investment of land as well as much more natural rainfall (Stager 1985).  Thus, it would 
make sense that drier locations would necessitate a greater cultivation of barley and/or 
grape given irrigation was not an expedient source of water.  Both sites are located seven 
kilometers from the nearest springs to the north. 
While climate alone could explain the fluctuations in production of wheat and 
barley at Tell Abu en-Ni‘aj and Tell el-Hayyat, the presence of markets during the 
Middle Bronze may have influenced farmers’ cultivation decisions as well.  Because 
markets may have favored the production of wheat over barley, this could also explain 
the trend in the data.  To assess both drivers of change, the proportion of wheat and 
barley together (as a percentage of total domesticate seed counts) is presented (see figure 
6.9).  There is actually a general increase in the proportion of wheat and barley together 
throughout Tell Abu en-Ni‘aj’s existence (Phase 6-1) and there is a slight decline during 
Tell el-Hayyat’s occupation (phases 5, 4 and 3).  This trend slightly shifts at the end of 
Tell el-Hayyat’s occupation (combined phases 2 and 1).  This does not indicate a shift in 
cultivation of more marketable crops (i.e. olive and grape) from the Early Bronze Age IV 
(Tell Abu en-Ni‘aj) to the Middle Bronze (Tell el-Hayyat) but rather a continuation of 
cultivation of annual cereal crops which are not necessarily influenced by market 
demand.   This suggests that market shifts are not the primary driver of change here and 
that trends are likely the result of climatic amelioration from the end of Early Bronze IV 
through the Middle Bronze.  
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Figure 6.9. Graph showing the proportion of combined wheat and barley counts compared to total 
domesticate counts per phase at Tell Abu en-Ni‘aj and Tell el-Hayyat. 
Conclusions 
 Given the statistically significant differences in wheat, barley, olive and grape 
densities between Tell Abu en-Ni‘aj and Tell el-Hayyat, the resulting trends from wheat: 
barley and olive: grape ratios suggest climate was likely a driver in the occupants’ 
agricultural land use decisions.  These ratios further indicate a shift from a drier climate 
in the Early Bronze IV (favoring barley and grape production) to wetter in the Middle 
Bronze (favoring wheat and olive production).  Finally, the influences of markets on the 
occupants’ agricultural decisions during the Middle Bronze was likely less significant, 
given Tell el-Hayyat’s continuation of annual cereal crop production over more 
marketable orchard taxa.  Thus, climate appears to be a larger player in land use 
strategies than market forces during the critical transition from Early Bronze IV to the 
Middle Bronze Age. 
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Chapter 7 
CONCLUSIONS 
 This research investigates land use and land cover dynamics associated with four 
Bronze Age villages in the eastern Mediterranean, Politiko-Troullia, Cyprus and Tell el-
Hayyat, Zahrat adh-Dhra‘1, and Tell Abu en-Ni‘aj, Jordan.  The purpose is two-fold; the 
first component analyzes spatial differences among contemporaneous sites, Politiko-
Troullia, Tell el-Hayyat, and Zahrat adh-Dhra‘1, in order to understand anthropogenic 
influences on the landscape.  The second component tests temporal differences between 
non-contemporaneous sites, Tell Abu en-Ni‘aj and Tell el-Hayyat, in order to assess 
climatic influences on the landscape. 
Spatial Findings 
 Objective 1 considered anthropogenic influences on the landscape across space by 
analyzing contemporaneous sites.  The Kruskal-Wallis statistical test was performed on 
the density ratios and seed-specific ratios because the data were non-parametric.  The 
statistics permit the inference of a spatial difference between contemporaneous sites.  
Politiko-Troullia, Cyprus proved to be different from the mainland sites in all four ratios.   
The data portray much less anthropogenic influence on the landscape around Politiko-
Troullia than at mainland sites that existed at the same time (Middle Bronze Age). 
While questions can be raised about the meager amount of botanical remains 
recovered from Politiko-Troullia, potentially skewing the ratio results, Objective 2 
dispels that notion.  According to the charcoal identification analyses, the area around 
Politiko-Troullia retained natural forest cover throughout its occupation, while the 
evidence from the mainland indicates very little natural forest vegetation, but an 
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abundance of cultivated orchard trimmings, as well as maquis and garigue taxa.  Further, 
the fast-growing desert genus Tamarix is quite common at the mainland sites.  This 
illustrates a much different level of human interaction with the land surrounding the sites 
when comparing Cyprus to the mainland.  Though there is an abundance of olive at 
Politiko-Troullia as well, olive trees grow naturally on most of the island and therefore 
may indicate both forest vegetation and orchard trimmings. On the mainland olive is 
more strictly indicative of orchard cultivation. 
Temporal Findings 
 Finally, to assess the possibility of climatically-induced differences in land cover, 
Objective 3 analyzed the non-contemporaneous sites Tell Abu en-Ni‘aj (Early Bronze 
IV) and Tell el-Hayyat (Middle Bronze Age) because they are located less than two 
kilometers from each other in the Jordan Rift Valley, but may have existed during 
different climatic regimes.  Specific ratios of wheat: barley and olive: grape were 
analyzed to parse agricultural decisions through time.  These trends suggest shifts from 
barley to wheat and grape to olive cultivation, both of which may reflect the influences of 
emergent market forces or climatic amelioration in transition from Early Bronze IV to the 
Middle Bronze Age.  However, the pronounced overall shift to greater cultivation of 
annual subsistence crops at Tell el-Hayyat, rather than perennial orchard crops with 
greater market potential, would suggest that market forces were not the primary driver 
behind these changing crop choices.  Therefore, these results may be explained more 
parsimoniously in terms of climatic change from drier conditions in Early Bronze IV to 
wetter conditions in the Middle Bronze Age.   
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Area Locus Bag Phase 
Charcoal 
wt. (g) 
Seeds 
(#) 
Charcoal 
Dens (g:l) 
Seed Dens 
(#:l) 
Wild:Char 
(#:g) 
Seed:Char 
(#:g) 
A 12 26 1 18.11 0.00 2.52 0.00 0.00 0.00 
A 12 29 1 23.27 0.00 1.42 0.00 0.00 0.00 
A 12 37 1 10.35 0.00 3.23 0.00 0.00 0.00 
A 12 38 1 24.60 0.00 6.65 0.00 0.00 0.00 
A 12 39 1 8.43 0.00 9.92 0.00 0.00 0.00 
A 12 41 1 23.72 0.00 16.95 0.00 0.00 0.00 
A 16 55 1 0.09 1.00 0.01 0.14 11.76 11.76 
A 20 67 1 0.02 1.00 0.03 1.25 0.00 41.67 
AB 5 13 1 0.83 9.00 0.19 2.07 10.91 10.91 
AF 6 17 1 3.80 0.00 0.48 0.00 0.00 0.00 
AF 6 18 1 46.58 0.00 1.56 0.00 0.00 0.00 
B 13 61 1 0.19 0.00 0.06 0.00 0.00 0.00 
BD 3 5 1 0.93 0.00 0.12 0.00 0.00 0.00 
C 17 38 1 0.02 0.00 0.00 0.00 0.00 0.00 
C 17 53 1 0.18 0.00 0.03 0.00 0.00 0.00 
C 17 54 1 0.05 0.00 0.01 0.00 0.00 0.00 
D 3 36 1 1.28 1.00 0.19 0.15 0.78 0.78 
D 3 40 1 1.86 0.00 0.26 0.00 0.00 0.00 
D 3 42 1 0.56 0.00 0.07 0.00 0.00 0.00 
D 8 56 1 0.05 2.00 0.01 0.27 41.67 41.67 
D 9 61 1 0.00 0.00 0.00 0.00 0.00 0.00 
D 10 69 1 2.91 0.00 0.42 0.00 0.00 0.00 
D 10 75 1 0.34 0.00 0.05 0.00 0.00 0.00 
D 10 83 1 0.76 0.00 0.15 0.00 0.00 0.00 
E 6 10 1 0.00 2.00 0.00 0.67 333.33 666.67 
F 21 31 1 0.33 0.00 0.04 0.00 0.00 0.00 
F 21 33 1 0.18 0.00 0.06 0.00 0.00 0.00 
L 6 46 1 0.00 0.00 0.00 0.00 0.00 0.00 
L 8 33 1 10.91 0.00 1.56 0.00 0.00 0.00 
O 2 19 1 2.58 0.00 0.12 0.00 0.00 0.00 
O 2 27 1 0.09 0.00 0.04 0.00 0.00 0.00 
O 57 212 1 37.81 1.00 3.02 0.08 0.03 0.03 
P 4 20 1 5.19 0.00 1.22 0.00 0.00 0.00 
Q 8 16 1 0.00 1.00 0.00 0.12 333.33 333.33 
R 7 80 1 1.18 0.00 0.20 0.00 0.00 0.00 
T 8 95 1 0.12 0.00 0.04 0.00 0.00 0.00 
W 6 67 1 10.70 12.00 0.79 0.89 0.37 0.47 
W 6 83 1 0.08 0.00 0.03 0.00 0.00 0.00 
Y 20 130 1 0.31 0.00 0.08 0.00 0.00 0.00 
Y 24 177 1 0.20 1.00 0.03 0.13 4.98 4.98 
   139 
Y 24 178 1 0.04 0.00 0.01 0.00 0.00 0.00 
Z 32 1 1 0.03 0.00 0.00 0.00 0.00 0.00 
N 3 4 2 0.01 0.00 0.00 0.00 0.00 0.00 
N 6 2 2 0.42 0.00 0.12 0.00 0.00 0.00 
N 12 35 2 0.01 7.00 0.00 1.00 583.33 583.33 
N 12 44 2 0.03 0.00 0.00 0.00 0.00 0.00 
N 13 36 2 0.00 1.00 0.00 0.50 
  
O 5 33 2 0.06 0.00 0.03 0.00 0.00 0.00 
O 6 35 2 7.49 0.00 0.42 0.00 0.00 0.00 
O 6 42 2 11.51 0.00 0.85 0.00 0.00 0.00 
O 6 54 2 23.47 0.00 1.15 0.00 0.00 0.00 
O 10 95 2 5.88 0.00 1.38 0.00 0.00 0.00 
O 18 131 2 7.19 2.00 0.41 0.11 0.14 0.14 
O 33 157 2 0.19 0.00 0.04 0.00 0.00 0.00 
O 34 149 2 2.46 0.00 1.96 0.00 0.00 0.00 
O 40 158 2 1.50 0.00 0.25 0.00 0.00 0.00 
O 58 217 2 25.34 1.00 0.40 0.02 0.04 0.04 
P 32 210 2 0.23 0.00 0.03 0.00 0.00 0.00 
S 12 65 2 0.13 0.00 0.02 0.00 0.00 0.00 
U 24 154 2 0.10 17.00 0.02 2.83 0.00 144.23 
U 24 171 2 0.12 1.00 0.02 0.17 0.00 0.00 
U 29 187 2 0.01 2.00 0.00 0.62 0.00 0.00 
V 10 45 2 0.54 0.00 0.04 0.00 0.00 0.00 
V 12 91 2 0.15 0.00 0.03 0.00 0.00 0.00 
W 8 76 2 0.25 19.00 0.03 2.38 16.33 28.57 
W 13 170 2 0.39 2.00 0.05 0.24 5.12 5.12 
W 16 178 2 0.36 16.00 0.05 2.13 2.81 11.24 
W 16 179 2 0.43 5.00 0.07 0.77 0.00 0.00 
W 16 180 2 0.83 5.00 0.17 1.05 1.20 1.20 
W 16 181 2 0.17 26.00 0.02 3.47 23.81 59.52 
W 16 182 2 0.41 22.00 0.05 2.67 7.26 12.11 
W 17 187 2 0.31 0.00 0.10 0.00 0.00 0.00 
X 10 16 2 0.40 0.00 0.07 0.00 0.00 0.00 
X 11 48 2 0.16 0.00 0.02 0.00 0.00 0.00 
X 11 58 2 0.45 0.00 0.10 0.00 0.00 0.00 
X 12 39 2 0.21 0.00 0.04 0.00 0.00 0.00 
X 14 59 2 0.06 3.00 0.01 0.71 31.75 31.75 
X 15 86 2 0.14 1.00 0.07 0.50 0.00 0.00 
X 16 101 2 1.30 163.00 0.05 5.93 8.48 13.88 
X 16 95 2 2.86 111.00 0.13 5.22 5.24 5.94 
Z 39 134 2 0.04 0.00 0.01 0.00 0.00 0.00 
O 11 109 3 4.78 0.00 1.91 0.00 0.00 0.00 
   140 
O 53 201 3 0.43 0.00 0.09 0.00 0.00 0.00 
O 59 221 3 2.68 0.00 0.41 0.00 0.00 0.00 
O 86 321 3 1.21 0.00 1.34 0.00 0.00 0.00 
O 94 337 3 0.76 0.00 0.01 0.00 0.00 0.00 
O 99 355 3 1.21 0.00 0.13 0.00 0.00 0.00 
O 102 376 3 0.03 0.00 0.01 0.00 0.00 0.00 
O 103 380 3 0.20 1.00 0.02 0.11 4.98 4.98 
O 103 384 3 1.14 0.00 0.21 0.00 0.00 0.00 
P 47 251 3 0.79 0.00 0.09 0.00 0.00 0.00 
P 50 255 3 0.06 0.00 0.02 0.00 0.00 0.00 
R 43 158 3 0.36 0.00 0.15 0.00 0.00 0.00 
R 44 150 3 0.02 0.00 0.02 0.00 0.00 0.00 
R 53 182 3 0.08 0.00 0.02 0.00 0.00 0.00 
R 67 208 3 0.02 0.00 0.00 0.00 0.00 0.00 
T 14 134 3 0.03 0.00 0.01 0.00 0.00 0.00 
T 18 163 3 0.06 0.00 0.01 0.00 0.00 0.00 
T 19 176 3 0.05 14.00 0.01 3.41 304.35 304.35 
T 32 186 3 0.08 0.00 0.05 0.00 0.00 0.00 
U 45 
 
3 0.20 0.00 0.04 0.00 0.00 0.00 
Z 45 165 3 0.24 0.00 0.04 0.00 0.00 0.00 
U 43 378 4 0.10 0.00 0.02 0.00 0.00 0.00 
W 21 202 4 0.29 1.00 0.29 1.00 3.42 3.42 
U 55 476 5 0.86 0.00 0.10 0.00 0.00 0.00 
U 65 592 5 0.81 0.00 0.10 0.00 0.00 0.00 
U 72 611 5 0.03 0.00 0.00 0.00 0.00 0.00 
W 27 238 5 0.98 0.00 0.27 0.00 0.00 0.00 
W 28 241 5 0.60 0.00 0.09 0.00 0.00 0.00 
W 39 300 5 4.64 0.00 2.81 0.00 0.00 0.00 
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Area Locus Bag Phase 
Charcoal 
wt. (g) 
Seeds 
(#) 
Charcoal 
Dens (g:l) 
Seed Dens 
(#:l) 
Wild:Char 
(#:g) 
Seed:Char 
(#:g) 
L 6 79 2 0.437 22 0.15 7.33 22.88 43.48 
G 25 
60-
64 2 1.52 214 0.13 17.83 127.63 138.16 
H-G 29 123 2 32.13 95 10.71 31.67 2.68 2.86 
G 45 152 2 3.216 47 0.54 7.83 2.18 12.13 
H 31 144 2 10.26 5 2.57 1.25 0.10 0.49 
H 37 104 2 55.84 26 9.31 4.33 0.07 0.39 
I 26 67 2 62.1 134 15.53 33.50 0.77 1.77 
I 29 89 2 1.59 88 0.27 14.67 30.82 48.43 
J 43 142 2 1.402 25 0.23 4.17 4.28 10.70 
K 28 119 2 0.452 12 0.23 6.00 6.64 19.91 
L 12 35 2 0.248 14 0.03 1.75 8.06 36.29 
L 19 56 2 4.042 38 0.67 6.33 1.24 4.95 
T 14 1213 2 0.698 4 0.17 1.00 0.00 5.73 
T 22 55 2 13.482 23 3.37 5.75 0.00 1.71 
T 24 133 2 0.459 1 0.11 0.25 0.00 0.00 
H 52 225 3 7.14 42 3.57 21.00 0.98 5.18 
H 54 235 3 0 19 0.00 9.50 
  
I 50 200 3 0.4 34 0.07 5.67 30.00 65.00 
I 55 236 3 16.1 18 2.68 3.00 0.75 1.12 
I 57 217 3 6.62 177 1.10 29.50 11.78 25.53 
J 52 179 3 0.84 15 0.14 2.50 1.19 13.10 
K 44 155 3 5.775 76 0.96 12.67 0.52 6.23 
K 46 177 3 0.1 108 0.02 18.00 30.00 1060.00 
P 116 180 3 0.644 2 0.32 1.00 0.00 1.55 
T 27 87 3 1.963 4 0.98 2.00 0.00 2.04 
T 30 100 3 16.87 46 2.11 5.75 0.30 1.13 
T 33 111 3 4.553 14 1.14 3.50 0.00 2.64 
T 37 135 3 15.014 7 3.75 1.75 0.07 0.40 
T 40 162 3 1.246 8 0.31 2.00 0.00 5.62 
T 44 248 3 7.455 0 1.86 0.00 0.00 0.00 
C 70 1 4 5.443 9 1.36 2.25 0.37 1.47 
E 89 434 4 4.74 45 1.58 15.00 3.38 8.44 
E 92 457 4 12.1 63 6.05 31.50 0.33 1.57 
F 30 139 4 7.444 18 0.37 0.90 0.00 1.61 
F 40 162 4 0.148 9 0.02 1.13 0.00 27.03 
F 40 165 4 0.345 0 0.04 0.00 0.00 0.00 
F 40 235 4 0.887 0 0.30 0.00 0.00 0.00 
K 54 203 4 46.543 7 11.64 1.75 0.04 0.11 
K 64 262 4 8.628 42 8.63 42.00 0.23 4.17 
T 43 175 4 4.923 7 1.23 1.75 0.81 1.42 
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T 46 207 4 4.633 23 1.16 5.75 0.00 4.96 
T 49 213 4 0.532 5 0.13 1.25 0.00 3.76 
T 51 217 4 1.325 21 0.33 5.25 1.51 9.81 
T 57 238 4 5.373 17 0.67 2.13 0.00 2.23 
T 59 253 4 1.115 6 0.37 2.00 0.00 1.79 
C 72 2 5 2.556 25 1.28 12.50 1.96 7.04 
C 78 3 5 3.577 11 0.89 2.75 0.28 3.08 
D 56 265 5 11.602 92 1.93 15.33 0.69 5.34 
D 60 293 5 24.498 74 4.90 14.80 0.57 0.90 
D 65 311 5 2.89 44 0.58 8.80 2.77 9.34 
E 102 500 5 22.092 76 3.68 12.67 0.36 2.63 
E 102 500 5 22.092 135 3.68 22.50 1.90 5.30 
F 44 256 5 0.124 4 0.06 2.00 8.06 8.06 
F 45 258 5 17.08 5 2.14 0.63 0.00 0.23 
F 46 264 5 1.936 31 0.19 3.10 1.03 12.91 
F 48 307 5 10.41 29 1.30 3.63 0.10 2.11 
F 49 288 5 4.932 36 0.62 4.50 0.41 6.08 
K 66 272 5 4.911 27 0.82 4.50 0.20 5.29 
T 64 279 5 3.858 20 0.64 3.33 0.26 3.63 
T 65 304 5 4.062 19 0.81 3.80 0.98 2.95 
T 75 331 5 1.601 8 0.32 1.60 0.62 3.75 
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APPENDIX C  
ZAHRAT ADH-DHRA‘1 DENSITIES AND RATIOS 
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Area Locus Bag Phase 
Charcoal 
wt. (g) 
Seeds 
(#) 
Charcoal 
Dens (g:l) 
Seed Dens 
(#:l) 
Wild:Char 
(#:g) 
Seed:Char 
(#:g) 
A 10 41 1 1.188 12 0.49 4.92 5.05 10.10 
A 12 72 1 1.113 23 0.81 16.79 9.88 17.97 
B 3 21 1 0.434 2 0.12 0.56 4.61 4.61 
D 5 23 1 0.2 2 0.05 0.45 10.00 10.00 
E 10 46 1 0.195 28 
  
97.44 123.08 
E 3 62 1 2.121 215 4.61 467.39 91.94 96.65 
E 8 63 1 1.568 1 0.24 0.16 0.00 0.64 
F 15 98 1 12.266 189 4.59 70.79 13.78 13.78 
H 7 28 1 3.125 10 2.92 9.35 3.20 3.20 
I 1 20 1 11.139 4 4.05 1.45 0.36 0.36 
M 6 19 1 4.246 50 0.90 10.57 11.30 11.54 
M 7 28 1 2.725 4 0.21 0.30 0.37 1.47 
M 11 52 1 18.471 5 7.57 2.05 0.27 0.27 
M 12 82 1 3.579 11 0.38 1.18 2.24 2.51 
N 12 37 1 4.658 86 1.85 34.13 10.30 11.59 
I 11 67 2 7.789 13 2.92 4.87 0.13 1.41 
I 12 72 2 0.323 10 0.06 1.99 3.10 27.86 
I 14 94 2 3.893 187 2.95 141.67 10.53 40.59 
J 9 98 2 10.999 5 2.63 1.19 0.36 0.45 
J 14 30 2 0.592 3 0.16 0.82 0.00 0.00 
J 22 72 2 32.75 7 7.15 1.53 0.00 0.18 
J 23 81 2 30.85 7 3.40 0.77 0.06 0.13 
J 30 107 2 4.608 25 1.26 6.83 2.17 3.91 
J 31 112 2 6.347 0 0.18 0.00 0.00 0.00 
K 14 49 2 1.723 84 0.53 25.61 8.13 11.03 
K 11 82 2 1.81 18 0.57 5.63 9.39 9.39 
K 19 110 2 1.607 68 0.40 16.83 19.91 39.83 
K 24 135 2 91.75 3 20.03 0.66 0.03 0.03 
K 14 177 2 24.452 17 5.73 3.98 0.00 0.49 
K 22 202 2 47.073 18 22.00 8.41 0.30 0.38 
K 12 203 2 0.496 24 0.07 3.37 48.39 48.39 
L 10 10 2 4.305 11 13.89 35.48 2.09 2.56 
L 11 17 2 0.16 1 0.01 0.08 0.00 6.25 
L 12 24 2 2.466 117 2.49 118.18 41.36 43.39 
L 6 35 2 3.402 69 1.11 22.48 17.05 19.11 
L 17 50 2 48.122 58 30.08 36.25 1.18 1.18 
L 19 54 2 2.694 9 2.21 7.38 2.23 2.60 
L 23 118 2 3.621 10 5.25 14.49 0.83 2.49 
O 1 5 2 2.572 26 0.53 5.33 10.11 10.11 
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APPENDIX D 
TELL ABU EN-NI‘AJ DENSITIES AND RATIOS 
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Area Locus Bag Phase 
Charcoal 
wt. (g) 
Seeds 
(#) 
Charcoal 
Dens (g:l) 
Seed Dens 
(#:l) 
Wild:Char 
(#:g) 
Seed: 
Char (#:g) 
D 23 75 1 0.185 2 0.09 1.00 5.41 10.81 
D 16 51 2 1.525 90 0.22 12.86 40.00 53.77 
D 20 65 2 0.5 3 0.40 2.40 4.00 4.00 
D 22 83 2 0.507 2 0.20 0.80 1.97 1.97 
D 24 80 2 0.367 5 0.33 4.55 2.72 13.62 
D 25 92 2 0 50 0.00 11.11 
  
D 32 
 
2 0.9 52 0.45 26.00 20.00 48.89 
D 34 124 2 0 5 0.00 4.00 
  
D 30 108 2 0.997 94 0.17 15.67 13.04 43.13 
D 31 119 2 0.161 107 0.03 21.40 223.60 583.85 
X 9 99 2 0 162 0.00 39.32 
  
C 35 239 3 0.054 38 0.09 62.30 111.11 629.63 
C 65 225 3 0.004 382 0.00 313.11 13750.00 93750.00 
D 40 156 3 9.931 0 0.90 0.00 0.00 0.00 
D 41 165 3 10.182 0 2.55 0.00 0.00 0.00 
D 42 175 3 0.118 12 0.02 2.40 16.95 84.75 
D 45 184 3 0 6 0.00 2.00 
  
D 44 179 3 2.133 34 0.43 6.80 4.22 9.85 
GG 15 49 3 0.425 316 0.70 518.03 734.12 743.53 
C 71 236 4 0.186 896 0.09 452.53 408.60 4774.19 
C 71 254 4 0.052 460 0.02 188.52 1307.69 8576.92 
C 71 256 4 0 828 0.00 361.57 
  
C 73 284 4 0.148 570 0.32 1244.54 567.57 3797.30 
C 75 278 5 0.053 293 0.04 213.40 622.64 5339.62 
C 76 285 5 0.076 23 0.03 10.40 52.63 302.63 
C 82 353 5 1.274 38 1.39 41.53 3.92 29.04 
C 83 321 5 3.593 6 3.93 6.56 0.28 1.67 
C 91 406 5 0 121 0.00 146.14 
  
GG 30 95 5 0.943 1832 0.10 200.00 390.24 1849.42 
GG 42 127 5 0.252 963 0.05 176.70 944.44 3384.92 
GG 69 191 5 0 1822 0.00 165.94 
  
GG 70 196 5 0 2680 0.00 292.70 
  
GG 30 94 5 1.49 328 0.36 79.42 140.27 205.37 
GG 39 123 5 0.289 533 0.05 97.09 480.97 1833.91 
C 86 367 6 0 77 0.00 34.83 
  
C 86 387 6 0.097 140 0.16 232.56 226.80 1422.68 
C 89 386 6 0.758 213 0.76 213.00 80.47 265.17 
C 89 392 6 0.689 52 0.76 57.59 58.06 63.86 
C 93 429 6 0.146 822 0.16 910.30 2287.67 5369.86 
C 93 430 6 0 100 0.00 100.00 
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C 96 457 6 0.009 180 0.01 199.34 7333.33 19333.33 
GG 65 185 6 0.315 175 0.19 104.29 111.11 552.38 
GG 72 213 6 0 415 0.00 100.73 
  
C 100 464 7 1.609 11 0.95 6.47 1.24 6.84 
C 102 490 7 2.541 19 3.63 27.14 3.15 6.30 
C 106 494 7 7.452 217 2.71 78.91 6.31 23.08 
C 107 501 7 1.343 2384 0.49 866.91 333.58 1393.89 
C 111 548 7 1.034 832 0.40 320.00 340.43 727.27 
GG 89 269 7 0.759 2478 0.14 442.50 777.34 3106.72 
GG 96 302 7 12.834 756 1.56 91.64 46.59 52.67 
GG 98 295 7 14.261 219 2.04 31.33 7.64 10.10 
GG 99 298 7 2.153 415 0.52 100.73 117.51 191.83 
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APPENDIX E 
POLITIKO-TROULLIA SEED DATA 
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Area A A A A A A A A 
Locus 12 12 12 12 12 12 16 20 
Bag 26 29 37 38 39 41 55 67 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 1 
Wheat 0 0 0 0 0 0 0 1 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 0 0 1 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 0 0 1 0 
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Area AB AF AF B BD C C C 
Locus 5 6 6 13 3 17 17 17 
Bag 13 17 18 61 5 38 53 54 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 9 0 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 9 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 0 0 0 0 
   152 
Area D D D D D D D D 
Locus 3 3 3 8 9 10 10 10 
Bag 36 40 42 56 61 69 75 83 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 0 0 2 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 1 0 0 2 0 0 0 0 
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Area E F F L L O O O 
Locus 6 21 21 6 8 2 2 57 
Bag 10 31 33 46 33 19 27 212 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 1 0 0 0 0 0 0 0 
Wheat 1 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 0 0 0 0 0 0 1 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 1 0 0 0 0 0 0 1 
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Area P Q R T W W Y Y 
Locus 4 8 7 8 6 6 20 24 
Bag 20 16 80 95 67 83 130 177 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 7 0 0 0 
Olive 0 0 0 0 1 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 6 0 0 0 
Cereal 0 0 0 0 1 0 0 0 
Wheat 0 0 0 0 1 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 1 0 0 4 0 0 1 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 1 0 0 0 0 0 1 
Wild no ID 0 0 0 0 4 0 0 0 
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Area Y Z N N N N N O 
Locus 24 32 3 6 12 12 13 5 
Bag 178 1 4 2 35 44 36 33 
Phase 1 1 2 2 2 2 2 2 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 7 0 1 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 7 0 1 0 
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Area O O O O O O O O 
Locus 6 6 6 10 18 33 34 40 
Bag 35 42 54 95 131 157 149 158 
Phase 2 2 2 2 2 2 2 2 
Orchard 0 0 0 0 1 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 1 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 1 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 1 0 0 0 
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Area O P S U U U V V 
Locus 58 32 12 24 24 29 10 12 
Bag 217 210 65 154 171 187 45 91 
Phase 2 2 2 2 2 2 2 2 
Orchard 0 0 0 2 1 2 0 0 
Olive 0 0 0 0 0 1 0 0 
Grape 0 0 0 1 0 1 0 0 
Fig 0 0 0 1 1 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 15 0 0 0 0 
Wheat 0 0 0 15 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 0 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 1 0 0 0 0 0 0 0 
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Area W W W W W W W W 
Locus 8 13 16 16 16 16 16 17 
Bag 76 170 178 179 180 181 182 187 
Phase 2 2 2 2 2 2 2 2 
Orchard 12 0 12 5 4 16 17 0 
Olive 3 0 7 5 3 4 5 0 
Grape 6 0 4 0 1 7 7 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 3 0 1 0 0 5 5 0 
Cereal 3 0 3 0 0 6 2 0 
Wheat 3 0 0 0 0 6 2 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 3 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 4 2 1 0 1 4 3 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 1 0 0 0 1 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 3 2 1 0 0 4 3 0 
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Area X X X X X X X X 
Locus 10 11 11 12 14 15 16 16 
Bag 16 48 58 39 59 86 101 95 
Phase 2 2 2 2 2 2 2 2 
Orchard 0 0 0 0 1 1 145 94 
Olive 0 0 0 0 0 0 4 1 
Grape 0 0 0 0 0 0 2 5 
Fig 0 0 0 0 0 0 137 86 
Pistachio 0 0 0 0 1 1 2 2 
Cereal 0 0 0 0 0 0 7 2 
Wheat 0 0 0 0 0 0 3 2 
Barley 0 0 0 0 0 0 2 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 2 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 2 0 11 15 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 2 
Wild other 0 0 0 0 1 0 2 7 
Wild no ID 0 0 0 0 1 0 9 6 
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Area Z O O O O O O O 
Locus 39 11 53 59 86 94 99 102 
Bag 134 109 201 221 321 337 355 376 
Phase 2 3 3 3 3 3 3 3 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 0 0 0 0 
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Area O O P P R R R R 
Locus 103 103 47 50 43 44 53 67 
Bag 380 384 251 255 158 150 182 208 
Phase 3 3 3 3 3 3 3 3 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 0 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 1 0 0 0 0 0 0 0 
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Area T T T T U Z U W 
Locus 14 18 19 32 45 45 43 21 
Bag 134 163 176 186  165 378 202 
Phase 3 3 3 3 3 3 4 4 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 14 0 0 0 0 1 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 14 0 0 0 0 1 
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Area U U U W W W 
Locus 55 65 72 27 28 39 
Bag 476 592 611 238 241 300 
Phase 5 5 5 5 5 5 
Orchard 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 
Wild no ID 0 0 0 0 0 0 
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APPENDIX F 
TELL EL-HAYYAT SEED DATA 
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Area A A A A A A A A 
Locus 12 12 12 12 12 12 16 20 
Bag 26 29 37 38 39 41 55 67 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 1 
Wheat 0 0 0 0 0 0 0 1 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 0 0 1 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 0 0 1 0 
  
   166 
Area AB AF AF B BD C C C 
Locus 5 6 6 13 3 17 17 17 
Bag 13 17 18 61 5 38 53 54 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 9 0 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 9 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 0 0 0 0 
   167 
Area D D D D D D D D 
Locus 3 3 3 8 9 10 10 10 
Bag 36 40 42 56 61 69 75 83 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 0 0 2 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 1 0 0 2 0 0 0 0 
   168 
Area E F F L L O O O 
Locus 6 21 21 6 8 2 2 57 
Bag 10 31 33 46 33 19 27 212 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 1 0 0 0 0 0 0 0 
Wheat 1 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 0 0 0 0 0 0 1 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 1 0 0 0 0 0 0 1 
   169 
Area P Q R T W W Y Y 
Locus 4 8 7 8 6 6 20 24 
Bag 20 16 80 95 67 83 130 177 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 0 0 0 7 0 0 0 
Olive 0 0 0 0 1 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 6 0 0 0 
Cereal 0 0 0 0 1 0 0 0 
Wheat 0 0 0 0 1 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 1 0 0 4 0 0 1 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 1 0 0 0 0 0 1 
Wild no ID 0 0 0 0 4 0 0 0 
   170 
Area Y Z N N N N N O 
Locus 24 32 3 6 12 12 13 5 
Bag 178 1 4 2 35 44 36 33 
Phase 1 1 2 2 2 2 2 2 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 7 0 1 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 7 0 1 0 
   171 
Area O O O O O O O O 
Locus 6 6 6 10 18 33 34 40 
Bag 35 42 54 95 131 157 149 158 
Phase 2 2 2 2 2 2 2 2 
Orchard 0 0 0 0 1 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 1 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 1 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 1 0 0 0 
   172 
Area O P S U U U     V   V 
Locus 58 32 12 24 24 29 10 12 
Bag 217 210 65 154 171 187 45 91 
Phase 2 2 2 2 2 2 2 2 
Orchard 0 0 0 2 1 2 0 0 
Olive 0 0 0 0 0 1 0 0 
Grape 0 0 0 1 0 1 0 0 
Fig 0 0 0 1 1 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 15 0 0 0 0 
Wheat 0 0 0 15 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 0 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 1 0 0 0 0 0 0 0 
   173 
Area W W W W W W W W 
Locus 8 13 16 16 16 16 16 17 
Bag 76 170 178 179 180 181 182 187 
Phase 2 2 2 2 2 2 2 2 
Orchard 12 0 12 5 4 16 17 0 
Olive 3 0 7 5 3 4 5 0 
Grape 6 0 4 0 1 7 7 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 3 0 1 0 0 5 5 0 
Cereal 3 0 3 0 0 6 2 0 
Wheat 3 0 0 0 0 6 2 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 3 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 4 2 1 0 1 4 3 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 1 0 0 0 1 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 3 2 1 0 0 4 3 0 
   174 
Area X X X X X X X X 
Locus 10 11 11 12 14 15 16 16 
Bag 16 48 58 39 59 86 101 95 
Phase 2 2 2 2 2 2 2 2 
Orchard 0 0 0 0 1 1 145 94 
Olive 0 0 0 0 0 0 4 1 
Grape 0 0 0 0 0 0 2 5 
Fig 0 0 0 0 0 0 137 86 
Pistachio 0 0 0 0 1 1 2 2 
Cereal 0 0 0 0 0 0 7 2 
Wheat 0 0 0 0 0 0 3 2 
Barley 0 0 0 0 0 0 2 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 2 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 2 0 11 15 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 2 
Wild other 0 0 0 0 1 0 2 7 
Wild no ID 0 0 0 0 1 0 9 6 
   175 
Area Z O O O O O O O 
Locus 39 11 53 59 86 94 99 102 
Bag 134 109 201 221 321 337 355 376 
Phase 2 3 3 3 3 3 3 3 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 0 0 0 0 0 0 
   176 
Area O O P P R R R R 
Locus 103 103 47 50 43 44 53 67 
Bag 380 384 251 255 158 150 182 208 
Phase 3 3 3 3 3 3 3 3 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 0 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 1 0 0 0 0 0 0 0 
   177 
Area T T T T U Z U W 
Locus 14 18 19 32 45 45 43 21 
Bag 134 163 176 186  165 378 202 
Phase 3 3 3 3 3 3 4 4 
Orchard 0 0 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 0 0 14 0 0 0 0 1 
Wild Grass 0 0 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 0 0 
Wild no ID 0 0 14 0 0 0 0 1 
   178 
Area U U U W W W 
Locus 55 65 72 27 28 39 
Bag 476 592 611 238 241 300 
Phase 5 5 5 5 5 5 
Orchard 0 0 0 0 0 0 
Olive 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 
Fig 0 0 0 0 0 0 
Pistachio 0 0 0 0 0 0 
Cereal 0 0 0 0 0 0 
Wheat 0 0 0 0 0 0 
Barley 0 0 0 0 0 0 
Oat 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 
Und. Cereal 0 0 0 0 0 0 
Cult. Legume 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 
Wild/Weeds 0 0 0 0 0 0 
Wild Grass 0 0 0 0 0 0 
Wild legume 0 0 0 0 0 0 
Wild other 0 0 0 0 0 0 
Wild no ID 0 0 0 0 0 0 
   179 
APPENDIX G 
ZAHRAT ADH-DHRA‘1 SEED DATA 
  
   180 
Area A A B D E E E F 
Locus 10 12 3 5 10 3 8 15 
Bag 41 72 21 23 46 62 63 98 
Phase 1 1 1 1 1 1 1 1 
Orchard 0 3 0 0 4 10 0 20 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 1 
Fig 0 3 0 0 4 10 0 19 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 3 8 0 0 4 1 1 0 
Wheat 3 0 0 0 0 0 0 0 
Barley 2 2 0 0 4 0 0 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereals 1 6 0 0 0 1 1 0 
Cult. Legume 0 1 0 0 1 9 0 0 
Legume 0 1 0 0 0 6 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 1 3 0 0 
Wild/Weeds 6 11 2 2 19 188 0 169 
Wild grass 0 0 0 0 0 7 0 0 
Wild legume 0 0 0 0 6 131 0 159 
Wild other 3 10 2 1 9 47 0 9 
Wild No ID 3 1 0 1 4 10 0 1 
   181 
Area H I M M M M N I 
Locus 7 1 6 7 11 12 12 11 
Bag 28 20 19 28 52 82 37 67 
Phase 1 1 1 1 1 1 1 2 
Orchard 0 0 1 0 0 2 32 2 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 1 25 0 
Fig 0 0 1 0 0 1 7 2 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 0 0 0 3 0 0 1 10 
Wheat 0 0 1 0 0 0 0 0 
Barley 0 0 0 3 0 0 1 3 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereals 0 0 0 0 0 0 0 7 
Cult. Legume 0 0 0 0 0 1 5 0 
Legume 0 0 0 0 0 1 1 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 4 0 
Wild/Weeds 8 3 48 1 5 8 39 1 
Wild grass 2 1 0 0 0 0 9 0 
Wild legume 6 0 0 1 0 5 18 1 
Wild other 2 2 48 0 5 3 14 0 
Wild No ID 0 1 0 0 0 0 7 0 
   182 
Area I I J J J J J J 
Locus 12 14 9 14 22 23 30 31 
Bag 72 94 98 30 72 81 107 112 
Phase 2 2 2 2 2 2 2 2 
Orchard 1 29 0 3 1 3 7 0 
Olive 0 0 0 0 0 0 0 0 
Grape 1 27  1 1 0 0 0 
Fig 0 2 0 2 0 3 7 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 8 91 1 0 3 2 7 0 
Wheat 0 11 0 0 3 0 1 0 
Barley 8 63 1 0 0 2 6 0 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereals 0 28 0 0 3 0 1 0 
Cult. Legume 0 15 0 0 0 0 0 0 
Legume 0 0 0 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 15 0 0 0 0 0 0 
Wild/Weeds 0 21 4 0 0 2 6 0 
Wild grass 1 20 0 0 0 0 4 0 
Wild legume 0 2 3 0 0 0 1 0 
Wild other 0 7 0 0 0 2 1 0 
Wild No ID 0 12 1 0 0 0 4 0 
   183 
Area K K K K K K K L 
Locus 14 11 19 24 14 22 12 10 
Bag 49 82 110 135 177 202 203 10 
Phase 2 2 2 2 2 2 2 2 
Orchard 65 1 4 0 5 0 0 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 1 0 0 0 
Fig 65 1 4 0 4 0 0 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 4 0 29 0 9 4 0 2 
Wheat 1 0 2 0 0 0 0 0 
Barley 3 0 25 0 0 3 0 2 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereals 1 0 4 0 9 1 0 0 
Cult. Legume 0 0 1 0 3 0 0 0 
Legume 0 0 1 0 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 3 0 0 0 
Wild/Weeds 14 16 29 3 0 12 22 9 
Wild grass 0 1 3 0 0 2 2 0 
Wild legume 2 1 7 0 0 2 5 0 
Wild other 6 13 16 3 0 7 14 9 
Wild No ID 6 2 6 0 0 3 3 0 
   184 
Area L L L L L L O 
Locus 11 12 6 17 19 23 1 
Bag 17 24 35 50 54 118 5 
Phase 2 2 2 2 2 2 2 
Orchard 0 10 4 1 2 1 0 
Olive 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 1 0 
Fig 0 10 4 1 2 0 0 
Pistachio 0 0 0 0 0 0 0 
Cereal 0 3 1 0 0 3 0 
Wheat 0 1 2 0 0 3 0 
Barley 0 3 0 0 0 1 0 
Oat 0 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 
Und. Cereals 0 0 1 0 0 2 0 
Cult. Legume 1 1 4 0 1 0 0 
Legume 1 0 4 0 0 0 0 
Lentil 0 0 0 0 0 0 0 
Garden Pea 0 1 0 0 1 0 0 
Wild/Weeds 0 98 48 55 6 2 26 
Wild grass 0 4 10 2 0 1 0 
Wild legume 0 18 13 0 0 0 0 
Wild other 0 77 33 51 6 0 26 
Wild No ID 0 3 2 4 0 2 0 
   185 
 
APPENDIX H 
TELL ABU EN-NI‘AJ SEED DATA 
 
  
   186 
Area D D D D D D D D 
Locus 23 16 20 22 24 25 32 34 
Bag 75 51 65 83 80 92 ? 124 
Phase 1 2 2 2 2 2 2 2 
Orchard 0 8 1 1 0 1 8 0 
Olive 0 0 0 0 0 0 0 0 
Grape 0 1 0 0 0 0 0 0 
Fig 0 7 1 1 0 1 8 0 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 1 20 0 0 4 34 25 1 
Wheat 0 0 0 0 0 4 5 0 
Barley 0 20 0 0 4 25 15 0 
Oat 0 0 0 0 0 1 1 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 1 0 0 0 0 4 4 1 
Cult. Legume 0 1 0 0 0 3 1 3 
Legume 0 1 0 0  0 0 3 
Lentil 0 0 0 0 0 1 0 0 
Garden Pea 0 0 0 0 0 2 1 0 
Wild/Weeds 1 61 2 1 1 12 18 1 
Wild grass 0 55 0 0 1 11 9 0 
Wild legumes 1 0 2 1 0 0 4 1 
Wild other 0 6 0 0 0 1 5 0 
Wild no ID 0 0 0 0 0 0 0 0 
   187 
Area D D X C C D D D 
Locus 30 31 9 35 65 40 41 42 
Bag 108 119 99 239 225 156 165 175 
Phase 2 2 2 3 3 3 3 3 
Orchard 51 13 1 4 7 0 0 2 
Olive 0 0 0 1 4 0 0 0 
Grape 0 1 0 0 0 0 0 0 
Fig 51 12 1 3 3 0 0 2 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 23 58 143 28 313 0 0 8 
Wheat 6 20 3 3 4 0 0 0 
Barley 17 31 16 1 57 0 0 7 
Oat 0 4 0 0 0 0 0 0 
Rye 0 0 0 0 0 0 0 0 
Und. Cereal 0 3 124 24 252 0 0 1 
Cult. Legume 7 0 4 0 7 0 0 0 
Legume 0 0 4 0 4 0 0 0 
Lentil 6 0 0 0 2 0 0 0 
Garden Pea 1 0 0 0 1 0 0 0 
Wild/Weeds 13 36 14 6 55 0 0 2 
Wild grass 5 11 4 2 14 0 0 1 
Wild legumes 5 13 1 0 7 0 0 0 
Wild other 3 12 7 1 8 0 0 1 
Wild no ID 0 0 2 3 26 0 0 0 
   188 
Area D D GG C C C C C 
Locus 45 44 15 71 71 71 73 75 
Bag 184 179 49 236 254 256 284 278 
Phase 3 3 3 4 4 4 4 5 
Orchard 2 13 0 8 14 4 8 10 
Olive 0 0 0 0 14 0 0 0 
Grape 0 1 0 0 0 0 0 0 
Fig 2 12 0 8 0 4 8 10 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 2 11 4 804 376 652 476 250 
Wheat 0 3 1 24 6 16 22 5 
Barley 2 4 3 172 64 48 74 38 
Oat 0 2 0 0 0 0 0 0 
Rye 0 2 0 0 0 0 0 0 
Und. Cereal 0 0 0 608 306 588 380 207 
Cult. Legume 1 1 0 8 2 4 2 0 
Legume 1 0 0 8 2 4 2 0 
Lentil 0 1 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 0 0 0 
Wild/Weeds 1 9 312 76 68 168 84 33 
Wild grass 1 4 0 8 32 12 44 11 
Wild legumes 0 3 2 44 14 12 0 2 
Wild other 0 2 310 8 4 16 10 7 
Wild no ID 0 0 0 16 18 128 30 13 
   189 
Area C C C C GG GG GG GG 
Locus 76 82 83 91 30 42 69 70 
Bag 285 353 321 406 95 127 191 196 
Phase 5 5 5 5 5 5 5 5 
Orchard 0 1 0 1 88 110 60 712 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 8 
Fig 0 1 0 1 88 110 60 704 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 19 32 4 89 1376 614 1473 1024 
Wheat 0 5 0 6 72 36 68 32 
Barley 3 3 2 6 112 78 521 152 
Oat 0 0 0 0 0 0 0 0 
Rye 0 0 0 0 8 0 0 0 
Und. Cereal 16 24 2 77 1184 500 884 840 
Cult. Legume 0 0 1 1 0 1 1 0 
Legume 0 0 1 1 0 0 1 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 0 0 0 1 0 0 
Wild/Weeds 4 5 1 30 368 238 288 944 
Wild grass 2 2 0 4 32 54 84 120 
Wild legumes 0 0 0 1 40 12 28 144 
Wild other 0 0 1 4 176 64 80 176 
Wild no ID 2 3 0 21 120 108 96 504 
   190 
Area GG GG C C C C C C 
Locus 30 39 86 86 89 89 93 93 
Bag 94 123 367 387 386 392 429 430 
Phase 5 5 6 6 6 6 6 6 
Orchard 22 3 4 2 12 8 38 1 
Olive 0 0 0 0 0 0 0 0 
Grape 1 1 0 0 5 0 2 0 
Fig 21 2 4 2 7 8 36 1 
Pistachio 0 0 0 0 0 0 0 0 
Cereal 94 390 62 116 140 4 448 69 
Wheat 9 28 0 2 4 0 14 3 
Barley 35 200 7 3 23 0 66 22 
Oat 2 0 0 0 0 0 0 0 
Rye 0 2 0 0 0 0 0 0 
Und. Cereal 48 160 55 111 113 4 368 44 
Cult. Legume 3 1 0 0 0 0 2 0 
Legume 3 0 0 0 0 0 2 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 1 0 0 0 0 0 0 
Wild/Weeds 209 139 11 22 61 40 334 30 
Wild grass 165 107 1 4 12 3 62 2 
Wild legumes 3 1 0 0 0 0 6 1 
Wild other 36 26 4 2 10 3 34 9 
Wild no ID 5 5 6 16 39 34 232 18 
   191 
Area C GG GG C C C C C 
Locus 96 65 72 100 102 106 107 111 
Bag 457 185 213 464 490 494 501 548 
Phase 6 6 6 7 7 7 7 7 
Orchard 6 1 15 0 3 45 512 80 
Olive 0 0 0 0 0 0 0 0 
Grape 0 0 0 0 0 0 0 0 
Fig 6 1 15 0 3 45 504 80 
Pistachio 0 0 0 0 0 0 8 0 
Cereal 108 139 222 7 8 125 1424 392 
Wheat 0 3 4 0 3 33 248 4 
Barley 31 24 44 4 3 25 24 140 
Oat 0 0 1 0 0 1 0 4 
Rye 1 1 0 0 0 0 0 0 
Und. Cereal 76 111 173 3 2 66 1152 244 
Cult. Legume 0 0 2 2 0 0 0 8 
Legume 0 0 1 2 0 0 0 0 
Lentil 0 0 0 0 0 0 0 0 
Garden Pea 0 0 1 0 0 0 0 8 
Wild/Weeds 66 35 176 2 8 47 448 352 
Wild grass 5 24 132 0 6 7 88 108 
Wild legumes 5 0 6 1 0 2 8 0 
Wild other 9 9 21 1 2 26 200 92 
Wild no ID 47 2 17 0 0 12 152 152 
   192 
Area GG GG GG GG 
Locus 89 96 98 99 
Bag 269 302 295 298 
Phase 7 7 7 7 
Orchard 120 80 75 2 
Olive 0 0 0 0 
Grape 2 3 0 2 
Fig 118 77 75 0 
Pistachio 0 0 0 0 
Cereal 1766 60 34 159 
Wheat 86 2 6 15 
Barley 404 26 10 22 
Oat 0 2 0 0 
Rye 24 0 0 2 
Und. Cereal 1252 30 18 120 
Cult. Legume 2 18 1 1 
Legume 0 0 0 1 
Lentil 0 0 0 0 
Garden Pea 2 18 1 0 
Wild/Weeds 590 598 109 253 
Wild grass 226 22 5 40 
Wild legumes 28 9 4 7 
Wild other 160 507 80 62 
Wild no ID 176 60 20 144 
   193 
APPENDIX I  
KRUSKAL-WALLIS STATISTICAL P-VALUES 
 
  
   194 
Seed Density p-values 
   
 
Politiko-Troullia Tell el-Hayyat Zahrat adh-Dhra‘1 Tell Abu en-Ni‘aj 
Politiko-Troullia X 0.000 0.000 0.000 
Tell el-Hayyat 0.000 X 0.727 0.000 
Zahrat adh-Dhra‘1 0.000 0.727 X 0.000 
Tell Abu en-Ni‘aj 0.000 0.000 0.000 X 
 
Charcoal  Density p-values 
 
Politiko-Troullia Tell el-Hayyat Zahrat adh-Dhra‘1 Tell Abu en-Ni‘aj 
Politiko-Troullia X 0.000 0.000 0.334 
Tell el-Hayyat 0.000 X 0.12 0.000 
Zahrat adh-Dhra‘1 0.000 0.12 X 0.000 
Tell Abu en-Ni‘aj 0.334 0.000 0.000 X 
 
Seed: Charcoal p-values 
 
Politiko-Troullia Tell el-Hayyat Zahrat adh-Dhra‘1 Tell Abu en-Ni‘aj 
Politiko-Troullia X 0.000 0.000 0.000 
Tell el-Hayyat 0.000 X 0.835 0.000 
Zahrat adh-Dhra‘1 0.000 0.835 X 0.000 
Tell Abu en-Ni‘aj 0.000 0.000 0.000 X 
 
Wild: Charcoal p-values 
 
Politiko-Troullia Tell el-Hayyat Zahrat adh-Dhra‘1 Tell Abu en-Ni‘aj 
Politiko-Troullia X 0.000 0.000 0.000 
Tell el-Hayyat 0.000 X 0.007 0.000 
Zahrat adh-Dhra‘1 0.000 0.007 X 0.000 
Tell Abu en-Ni‘aj 0.000 0.000 0.000 X 
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